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(57) Abstract 

Resilient contact stnicnires (430) are mounted directly to bond pads (410) on semiconductor 
dies (402a, 402b), prior to the dies (402a. 402b) being singulated (separated) from a semiconductor 
wafer. This enables the semiconductor dies {402a, 402b) to be exercised (e.g., tested and/or bumed- 
in) by connecting to the semiconductor dies (702. 704) with a circuit board (710) or the like having 
a plurality of terminals (712) disposed on a surface thereof. Subsequently, the semiconductor dies 
(402a. 402b) may be singxilated from the semiconductor wafer, whereupon the same resilient 
contact structures (430) can be used to effect interconnections l)etwecn the semiconductor dies 
and other electronic components (such as wiring substrates, semiconductor packages, etc.). Using 
the all-metallic composite interconnection elements (430) of the present invention as the resilient 
contact structures, bum-in (792) can be performed at tcmperatares of at least 150 *C. and can be 
completed in less than 60 minutes. 
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The invention relates to making temporary nr.« 
connectiohs between • temporary, pressure 

oecween electronic components ar^rt 
particularly, to techniques for "exerciser' , ' 
and burn-la procedures unon) ^^^^^^^^"9" (performing test 
their n..,. ^ ^ semiconductor devices prior to 

their packaging, preferably prior to • ^ 

camiconductor devices b^in„ • , individual 

aevices being smgulated (seDara^^»r^^ 
semiconductor wafer. ^separated) from a 
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BACKGROUND OF THE INVENTION 

Individual semiconductor (integrated circuit) devices 
(dies) are typically produced by creating several identical 
devices on a semiconductor wafer, using know techniques of 
5 photolithography, deposition, and the like. Generally, these 
processes are intended to create a plurality of fully- functional 
integrated circuit devices, prior to singulating (severing) the 
individual dic-s from the st^miconductor wafer. In practice, 
- however, certain physical defects in the wafer itself ' and 

10 certain defects in the processing of the wafer inevitably lead 
to some of the dies being "good" (fully- functional) and some of 
the dies being "bad" (non- functional) . It is generally 

desirable to be able to identify which of the plurality of dies 
on a wafer are good dies prior to their packaging, and 

15 preferably prior to their being singulated from the wafer. To 
this end, a wafer "tester" or "prober" may advantageously be 
employed to make a plurality of discrete pressure connections 
to a like plurality of discrete connection pads (bond pads) on 
the dies, and provide signals (including power) to the dies. 

20 In this manner, the semiconductor dies can be exercised (tested 
and burned in) , prior to singulating the dies from the wafer. 
A conventional component of a wafer tester is a "probe card" to 
which a plurality of probe elements are connected - tips of the 
probe elements effecting the pressure connections to the 

25 respective bond pads of the semiconductor dies. 

Certain difficulties are inherent in any technique for 
probing semiconductor dies. For example, modern integrated 
circuits include many thousands of transistor elements requiring 
many hundreds of bond pads disposed in close proximity to one 
30 another (e.g., 5 mils center-to-center). Moreover, the layout 
of the bond pads need not be limited to single rows of bond pads 
disposed close to the peripheral edges of the die (See, e.g., 
U.S. Patent No. 5>453.583 ) . 
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To effect reliable pressure connections between the probe 
elements and the semiconductor die one must be concerned with 
several parameters including, but not limited to: alignment, 
probe force, overdrive, contact force, balanced contact force! 
scrub, contact resistance, and planarization. a general 
discussion of these parameters may be found in U.S. Pahf»nf Kn 
A^32Zl£22, entitled HIGH DENSITY PROBE CARD, incorporated by 
reference herein, which discloses a high density epoxy ring 
probe card including a unitary printed circuit board having a 
central opening adapted to receive a preformed epoxy ring array 
of probe elements. 

Generally, prior art probe card assemblies include a 
plurality of tungsten needles extending as cantilevers from a 
surface of a probe card. .The tungsten needles may be mounted 
in any suitable manner to the probe card, such as by the 
intermediary of an epoxy ring, as discussed hereinabove. 
Generally, in any case, the needles are wired to terminals of 
the probe card through the intermediary of a separate and 
distinct wire connecting the needles to the terminals of the 
probe card . 

Probe cards are typically formed as circular rings, with 
hundreds of probe elements (needles) extending from an inner 
periphery of the ring (and wired to terminals of the probe 
card). Circuit modules, and conductive traces (lines) of 
preferably equal length, are associated with each of the probe 
elements. This ring-shape layout makes it difficult, and in 
some cases impossible, to probe a plurality of unsingulated 
semiconductor dies (multiple sites) on a wafer, especially when 
the bond pads of each semiconductor die are arranged in other 
than two linear arrays along two opposite edges of the 
semiconductor die . 
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wafer testers may alternately employ a probe membrane 
having a central contact bump area, as is discussed in U.S. 
Patgfft No. g,4??,R74 , entitled LARGE SCALE PROTRUSION MEMBRANE 
FOR SEMICONDUCTOR DEVICES UNDER TEST WITH VERY HIGH PIN COUNTS 
incorporated by reference herein. As noted in this patent "A 
test system typically comprises a test controller for executing 
and controlling a se^ries of test programs, a wafer dispensing 
system for mechanically handling and t^dkitioning wafers in 
preparation for .testing arid a probe card for maintaining an 
accurate mechanical contact with the device -under- test (DUT) , - 
(column 1, lines 41-46) . 

Additional references, incorporated by reference herein, 
as indicative of the state of the art in testing semiconductor 
devices, include U.S. Patent No. 5.442^ (TESTING AND 
EXERCISING INDIVIDUAL UNSINGULATED DIES ON A WAFER) ; 5 382 898 
(HIGH DENSITY PROBE CARD FOR TESTING ELECTRICAL CIRCUITS) • 
Su22^^ TEST PROBE FOR PANEL HAVING AN OVERLYING PROTECTIVE 
MEMBER ADJACENT PANEL CONTACTS) ; 339, 027 (RIGID-FLEX CIRCUITS 
WITH RAISED FEATURES AS- IC TEST PROBES) ; 5.180.977 (MEMBRANE 
PROBE CONTACT BUMP COMPLIANCY SYSTEM) ; 5.066.907 (pROBE SYSTEM 
FOR DEVICE AND CIRCUIT TESTING) ; 4.757.2.. (HIGH DENSITY PROBE 
CARD) ; 4.161,692 (PROBE DEVICE FOR INTEGRATED CIRCUIT WAFERS) • 
and 3.990,689 (ADJUSTABLE HOLDER ASSEMBLY FOR POSITIONING A 
VACUUM CHUCK) . 



s 



Generally, interconnections between electronic component, 
can be classified into the two broad categories of "relatively 
permanent" and "readily demountable". 

v An example of a "relatively permanent" connection is a 
solder joint. Once two components are soldered to one another, 
a process of unsoldering must be used to separate the 
components. A wire bond is another example of a "relatively 
permanent" connection. 
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V An example of a "readily demountable" conn^^^^ • . . 
Pins o. one eXe«„nic component .ein. r.::^Tr^^ 
«=c>cet elements of another electronic co,^onent. The so=," 
ele^nts exert a contact force (pressure) on th» 

— sufficient to ensure a reliable eLctrica, " " 

therebetween. electrical connection 

With :::z:::r::'z:^:T''^ - — — 

contact force is desired to^S^j/ .elTri. „' """"""^ 
electronic components ,e.g to te^ T""" '° 
components). For exaLi!" """^''^l^ °n electronic 

for example, a contact (load) fn^™ < 
approximately 15 gra„« (including as little as 2 t , 
and as much as 150 grams or ^"""^ 
to ensure that a r,i?Hr , "^^ '^"i^d 

terminal of an electro?'; co "'"' '^'^ ^ ^ 

With films on its surTace o:~ h""'^' ""^ contaminated 
products on Its surface "n or oxidation 

Of each spring demand/ eith" th^re "'"^"^ 
spring material or that the sLe of the °' '"^ 

increased. As a a.n.-^-i element are 

strength of a materiaT th ^'"^ "3"- 'he yield 

a * a material, the more difficult ■i^ ^ati v. 

With (e.g., punch, bend, etc.,. ^d the d 



rel.J''"'" " °' ^^-"■-"ts of particular 

relevance to the present invention. Prior art Drobf , 

are commonly fabricated from titanium, a rela v^ ^ L:dTg: 
yield strength) material. when it ,i ■ . '^'"^ 'h^Sh 
relatively hard materials to terminals "° 
component, relatively -host'e. (e g ^L^l ^^^"'^'"^^ 
processes such as bra.ing are reared, 
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processes are generally not desirable (and often not feasible) 
in the context of certain relatively "fragile" electronic 
components such as semiconductor devices. In contrast thereto, 
wire bonding is an example of a relatively "friendly" processes 
which is much less potentially damaging to fragile electronic 
components than brazing. Soldering is another example of a 
relatively "friendly" process. However, both solder and gold 
are relatively soft (low yield strength) materials which will 
not function well as spring elements. 

A subtle problem associated with interconnection elements, 
including spring contacts, is that, often, the terminals of an 
electronic, component are not perfectly coplanar. Interconnection 
elements lacking .in some mechanism incorporated therewith for 
accommodating these "tolerances" (gross non-planarities) will 
be hard pressed to make consistent contact pressure contact with 
the terminals of the electronic component. 

The following U.S. Patents, incorporated by reference 
herein, are cited as being of general interest .vis-a-vis making 
connections, particularly pressure connections, to electronic 
components: U.S. Patent Nos 5.386.344 (FLEX CIRCUIT CARD 
ELASTOMERIC CABLE CONNECTOR ASSEMBLY) ; 5.336.380 (SPRING BIASED 
TAPERED CONTACT ELEMENTS FOR ELECTRICAL CONNECTORS AND 
INTEGRATED CIRCUIT PACKAGES) ; 5.317.479 (PLATED COMPLIANT LEAD) ; 
. 5,086,337 (CONNECTING STRUCTURE OF ELECTRONIC PART AND 
ELECTRONIC DEVICE USING THE STRUCTURE) ; 5.067.007 (SEMICONDUCTOR 
DEVICE HAVING LEADS FOR MOUNTING TO A SURFACE OF A PRINTED 
CIRCUIT BOARD) ; 4,989,069 (SEMICONDUCTOR PACKAGE HAVING LEADS 
THAT BREAK-AWAY FROM SUPPORTS) ; 4.893.172 (CONNECTING STRUCTURE 
FOR ELECTRONIC PART AND METHOD OF MANUFACTURING THE SAME) ; 
^''^^3,814 (ELECTRICAL CIRCUIT BOARD INTERCONNECT) ; 4.777. 
(LEADFORM FOR USE WITH SURFACE MOUNTED COMPONENTS) ; 4. 754.848 
(SURFACE MOUNTED ARRAY STRAIN RELIEF DEVICE) ; 4.667.219 
(SEMICONDUCTOR CHIP INTERFACE); 4.642.889 ' (COMPLIANT 
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INTERCONNECTION AND METHOD THEREFOR) ; 4.330.165 (PRESS -CONTACT 
TYPE INTERCONNECTORS) ; 4.295.700 { INTERCONNECTORS ) ; 4.067.104 
(METHOD OF FABRICATING AN ARRAY OF FLEXIBLE METALLIC 
INTERCONNECTS FOR COUPLING MICROELECTRONICS COMPONENTS) ; 
3. 795. 037 (ELECTRICAL CONNECTOR DEVICES) ; 3. 616. 532 (MULTILAYER 
PRINTED CIRCUIT ELECTRICAL INTERCONNECTION DEVICE); and 
3.509.270 (INTERCONlJECTIOK FOR PRINTED CIRCUITS AND METHOD OF 
MAKING SAME) . 

Generally, - throughout the probe techniques described 
hereinabove, a probe card or the like having a plurality of 
resilient contact structures extending from or upon a surface 
thereof is urged against a semiconductor wafer to make pressure 
contacts with a corresponding plurality of terminals (bond pads) 
on an individual semiconductor die. In some cases, pressure 
contact with a limited number (e.g., four) of unsingulated dies 
arranged end-to-end can be made, depending upon the layout of 
the bond pads on the semiconductor dies (e.g., a. linear array 
of bond pads on each of the two side edges of the dies) . (The 
end-to-end dies can be treated as one long die having two rows 
of bond pads . ) 

A limited number of techniques are suggested in the prior 
art for providing semiconductor chip assemblies with terminals 
that are biased away from the surface of the semiconductor die 
(chip) . U.S. Patent No. 5.414.29B . entitled SEMICONDUCTOR CHIP 
ASSEMBLIES AND COMPONENTS WITH PRESSURE CONTACT, discloses that 
such an assembly "can be extremely compact and may occupy an 
area only slightly larger than the area of the chip itself." 

One tnight be tempted to surmise that it is a simple 
intuitive step to expand such techniques to wafer-level. To the 
contrary, it is not at all apparent how such "assemblies" which 
are larger than the die could be accommodated at wafer-level, 
without requiring there to be a greatly expanded kerf (scribing) 
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area disposed between each adjacent die. Additionally, it is 
not at all apparent how such "assemblies" would be fabricated 
upon a plurality of unsingulated dies. Moreover, such 
assemblies are generally constrained to "translating" peripheral 
arrays (i.e., a peripheral (edge) layout of bond pads on a 
semiconductor die) to area arrays (e.g., rows and columns) of 
terminals, and require a good deal of valuable "real estate" to 
effect the translation. Routing the connections is one serious 
limitation, and typically the connections "fan-in". The use of 
non-metallic materials (i.e., materials incapable of sustaining 
high temperatures) is another concern. 

Another serious concern with any technique such as is 
described in the aforementioned U.S. Patent No. 5,414,298 is 
that the face of the die is covered. This is generally 
undesirable, and is particularly undesirable in the context of 
gallium arsenide (GaAs) semiconductor devices. 
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BRIEF DESCRIPTION (SUMMARY) OF THE INVENTION 



It is an object of the present invention to provide a 
technique for testing (exercising and/or burning- in) 
semiconductor dies, prior to their being singulated (separated) 
from a semiconductor wafer. 

It is another object of the present invention to provide 
a technique for probing semiconductor dies/ pridr to their being 
singulated (separated) from a semiconductor wafer, without being 
constrained by the arrangement- of dies or the layout of bond 
pads on the dies. 

It is another object of the present invention to provide 
a technique for probing semiconductor dies, prior to their being 
singulated (separated) from a semiconductor wafer, with the 
requisite resiliency and/or compliance being resident on the 
semiconductor dies, rather than requiring the probe cards to be 
provided with resilient contact structures extending therefrom. 

It is another object of the invention to mount resilient 
contact structures directly to semiconductor devices, thereby 
permitting exercising (testing and burning- in) the devices via 
the resilient contact structures, and using the same resilient 
contact structures for final packaging of the semiconductor 
devices . 

It is another object of the present invention to provide 
a technique for satisfactorily burning- in semiconductor devices 
in several minutes (versus several hours) . 

It is another object of the present invention to provide 
an improved spring element (resilient contact structure) that 
can be mounted directly to a terminal of an electronic 
component . 
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It is another object of the invention to provide 
xnterconnectxon elements that are suitable for .aking pressure 
contact to electronic components. Pressure 

According to the inventio.l, spring contact elements 
(composate interconnection elements) are inouated directly to 
semxconductor dies. Preferably, the spririg Contact elements are 

mounted to the semiconductor dies prior to tho « • . 
Ai^^ u ■ . , prior to the semiconductor 

d.e. be.ng s.ngulated (separated,. a semiconductor wafer, 

in th.s ma^er, , plurality of pressure contacts can be „ade to 
one or »cre unsingulated semiconductor dies (devices) using a 
"Simple" test board to Dower-nr^ t-u^ • . "s»ing a 

the like. power-up the semiconductor devices, and 

As used herein, a "simple" tesh hoa,-^ 
1 , . -^"vxe cest JDoard is a substrate havino 

a plurality of terminals. or electrodes, as contrasted „Tth a 
traditiona "probe card- which is a substrate having a plurality 

test" btr^ rr" ^"^"''"^ ' * =i">Pl^ 

.constraints inherent rLditirarprobe-ra^s tTT. 
encountered when using a simple test board to make the dLired 
pressure contacts with semiconductor devices. 

dies can'h'' ' ^'"""'^ °* unsingulated semiconductor 

d.es can be exercised (tested and/or burned in) prior to the 
semiconductor dies being singulated (separated, from the Tafer 

cont ^^'T'"' " " "^'^ °' invention, the same spring 

contact elements which are mounted to the semiconductor dies and 
which are used to exercise the semiconductor dies can be used 
to make permanent connections to the semiconductor dies after 
they have been singulated from the wafer. 
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According to an aspect of the invention, the resilient 
contact structures are preferably formed as "composite 
interconnection elements" which are fabricated directly upon the 
terminals of the semiconductor device. The "composite" 
(multilayer) interconnection element is fabricated by mounting 
an elongate element ("core") to an electronic component, shaping 
the core to have a spring shape, and overcoating the core to 
enhance the physical (e.g., «ipring) characteristics of the 
resulting composite intercnmiection element and/or to securely 
anchor the resulting composite interconnection element to the 
electronic component. The resilient contact structures of the 
interpoaer component may also be formed as composite 
interconnection elements. 

The useof the term "composite", throughout the description 
set forth herein, is consistent with a 'generic- meaning of the 
term (e.g., formed of two or more elements), and is not to be 
confused with any usage of the term "composite" in other fields 
of endeavor, for example, as it may be applied to materials such 
as glass, carbon or other fibers supported in a matrix of resin 
or the like. 

As used herein, the term "spring shape" refers to virtually 
any shape of an elongate element which will exhibit elastic 
(restorative) movement .of an end (tip) of the elongate element 
with respect to a force applied to the tip. This includes 
elongate elements shaped to have one or more bends, as well as 
substantially straight elongate elements. 

As used herein, the terms "contact area", "terminal", 
"pad", and the like refer to any conductive area on any 
electronic component to which an interconnection element is 
mounted or makes contact . 

Alternatively, the core is shaped prior to mounting to an 

11 
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Alternatively, the core is mounted to or is a part of a 
sacrificial substrate which is not an electronic component. The 
sacrificial substrate is removed after shaping, and either 
5 before or after overcoating. According to an aspect of the 
invGntion^,^tips having various topographies can be disposed at 
^ the contact end^ of the interconnection elements. (See also 
Figures IIA-IIF of the PARENT CASE.) 

^ 1^ In an embodiment of the invention, the core is a "soft" 

10 material having a relatively low yield strength, and is 
overcoated with a "hard" material having a relatively high yield 
strength. For example, a soft material such as a gold wire" is 
attached (e.g., by wire bonding) to a bond pad of a 
semiconductor device and is overcoated (e.g., by electrochemical 
15 plating) with a hard material such nickel and its alloys. 

Vis-a-vis overcoating the core, single and multi-layer 
overcoatings, "rough" overcoatings having microprotrusions (see 
also Figures 5C and 5D of the PARENT CASE) , and overcoatings 
extending the entire length of or only a portion of the length 
20 of the core, are described. In the latter case, the tip of the 
core may suitably be exposed for making contact to an electronic 
component (see also Figure 5B of the PARENT CASE) . 

Generally, throughout the description set forth herein, 
the term "plating" is used as exemplary of a number of 

25 techniques for overcoating the core. It is within the scope of 
this invention that the core can be overcoated by any suitable 
technique including, but not limited to: various processes 
involving deposition of materials out of aqueous solutions; 
electrolytic plating; electroless plating; chemical vapor 

3 OjI^ ^ de pos i t i on (CVD) ; physical vapor deposition (PVD) ; processes 
causing the deposition of materials through induced 

12 
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disintegration of liquid or solid precursors; and the like, all 
of these techniques for depositing materials being generally 
well known. 

Pg-JL li- 

Generally, for overcoating the core with a metallic 
material such as nickel, electrochemical processes are 
preferred, especially electroless platinq. 

In another embodiment of the invention, the core is an 
elongate element of a "hard" material, inherently suitable to 
functioning as a spring element, and is mounted at one end to 
a terminal of an electronic component. The core, and at least 
an adjacent area of the terminal, is overcoated with a material 
which will enhance anchoring the core to the terminal . In this 
manner, it is not necessary that the core be well -mounted to the 
terminal prior to overcoating, and processes which are less 
potentially damaging to the electronic component may be employed 
to "tack" the core in place for subsequent overcoating. These 
"friendly" processes include soldering, gluing, and piercing an 
end of the hard core into a soft portion of the terminal. 

Preferably, the core is in the form of a wire. 
Alternatively, the core is a flat tab (conductive metallic 
ribbon) . 

Representative materials, both for the core and for the 
overcoatings, are disclosed. 

In the main hereinafter, techniques involving beginning 
with a relatively soft (low yield strength) core, which is 
generally of very small dimension (e.g., 3.0 mil or less) are 
described. Soft materials, such as gold, which attach easily 
to semiconductor devices, generally lack sufficient resiliency 
to function as springs. (Such soft, metallic materials exhibit 
primarily plastic, rather than elastic deformation.) Other 
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soft materials which may attach easily to semiconductor devices 
and possess appropriate resiliency are often electrically non- 
conductive, as in the case of most elastomeric materials. In 
either case, desired structural and electrical characteristics 
5 can be imparted to the resulting composite interconnection 
element by the overcoating applied over the core. The resulting 
composite interconnecLiop. element can be made very small, yet 
can exhibit appropriat« contact forces. Moreover, a plurality 
of such composite interconnection ele?i,eiits can be arranged at 
10^ a fine pitch ■(e,.g. , 10 mils), even though they have a length 

i (.e.g., 100 mils) which is much greater than the distance to a 

neighboring composite interconnection element (the distance 
between neighboring interconnection elements being termed 
"pitch") , 

15 It is within the scope of this invention that composite 

interconnection elements can be fabricated on a microminiature 
scale, for example as "microsprings" for connectors and sockets, 
having cross-sectional dimensions on the order of twenty-five 
microns {/^m) , or less. ' This ability to manufacture reliable 

20 interconnection having dimensions measured in microns, rather 
than mils, squarely addresses the evolving needs of existing 
interconnection technology and future area array technology. 

The composite interconnection elements of the present 
invention exhibit superior electrical characteristics, including 
25 electrical conductivity, solderability and low contact 
resistance. In many cases, deflection of the interconnection 
element in response to applied contact forces results in a 
"wiping" contact, which helps ensure that a reliable contact is 
made . 

30 An additional advantage of the present invention is that 

connections made with the interconnection elements of the 
present invention are readily demountable. Soldering, to effect 
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the interconnection to a terminal of an electronic component is 
optional, but is generally not preferred at a system level. 

According to an aspect of the invention, techniques are 
described for making interconnection elements having controlled 
impedance. These techniques generally involve coating (e.g.. 
elect rophoretically) a conductive core or an entire composite 
interconnection element with a dielectric material (insulating 
layer), and o-;ircoating the dielectric material with an outer 
layer of a conductive material . By grounding the outer 
conductive material layer, the resulting interconnection element 
can effectively be shielded, and its impedance can readily be 
controlled. (See also Figure lOK of the PARENT CASE.) 

According to an aspect of the invention, interconnection 
elements can be pre-f abricated as individual units, for later 
attachment to electronic components. Various techniques for 
accomplishing this objective are set forth herein. Although 
not specifically covered in this document, it is deemed to be 
relatively straightforward to fabricate a machine that will 
handle the mounting of a plurality of individual interconnection 
elements to a substrate or, alternatively, suspending a 
plurality of individual interconnection elements in an 
elastomer, or on a support substrate. 

It should clearly be understood that the composite 
interconnection element of the present invention differs 
dramatically from interconnection elements of the prior art 
which have been coated to enhance their electrical conductivity 
characteristics or to enhance their resistance to corrosic 



Lon. 



The overcoating of the present invention is specifically 
intended to substantially enhance anchoring of the 
interconnection element to a terminal of an electronic component 
and/or to impart desired resilient characteristics to the 
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resulting composite interconnection element, stresses (contact 
forces, are directed to portions of the interconnection elements 
_ which are specifically intended to absorb the stresses 



L I ''^ appreciated that the present invention 

provides essentially a new -techni^e for making spring 
structures. Generally, the operative structure of the resulting 
Zn"^ " - P^Ouct Of plating, rather than of bending an! 
shaping This opens the door to using a wide variety of 

"frr'^ . " '"^^^^ - --i"^ Of 

friendly, processes for attaching the .falsework" of the core 

to electronic components. The overcoating functions as a 
tel". "falsework, of the core, both of which 

terms have their origins in the field of civil engineering. 

A distinct advantage of the present invention is that probe 

directly , on terminals of a semiconductor device without 
requiring additional materials, such as bra.ing or soldrring 

According to ' an aspect of the invention, any of the 
resilient contact structures may be formed as at least two 
composite interconnection elements. 

Among the benefits of the present invention are- 

(a) the composite interconnection elements are all 
metallic, permitting burn-in to be performed at elevated 
temperatures and, consequently, in a shorter time 

(b) the composite interconnection elements are free- 
standing, and are generally not limited by the bond pad layout 
Of semiconductor devices. 

(c) the composite interconnection elements of the present 
xnventaon can be fashioned to have their tips at a greater pitch 

spacng) than their bases, thereby immediately (e.g at the 
first level interconnect) commencing and facilitating the 
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process of spreading pitch from semiconductor pitch (e.g.. 10 
mils) to wiring substrate pitch (e.g., lOO mils). 

Other objects, features and advantages of the invention 
will become apparent in light of the following description 
thereof 
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Reference will be made in detail to preferred embodiments of 
the invention, examples of which are illustrated in the 
accompanying drawings. Although the invention will be described 
in the context of these preferred embodiments, it should be 
understood that it is not intended to limit the spirit and scope 
of the invention to these particular embodiments. 

Figure lA is a cross-sectional view of a longitudinal 
portion, including one end, of an interconnection element, 
according to an embodiment of the invention. 

Figure IB is a cross-sectional view of a longitudinal 
portion, including one end, of an interconnection element, 
according to another embodiment of the invention. 

Figure IC is a cross-sectional view of a longitudinal 
portion, including one end of an interconnection element, 
according to another embodiment of the invention. 

Figure ID is a cross -sectional view of a longitudinal 
■portion, including one end of an interconnection element, 
according to another embodiment of the invention. 

Figure IE is a cross -sectional view of a longitudinal 
portion, including one end of an interconnection element, 
according to another embodiment of the invention. 

Figure 2A is a cross-sectional view of an interconnection 
element mounted to a terminal of an electronic component and 
having a multi- layered shell, according to the invention. 

Figure 2B is a cross-sectional view of an interconnection 
element having a multi -layered shell, wherein an intermediate 
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layer is of a dielectric material, according to the invention. 

Figure 2C is a perspective view of a plurality of 
interconnection elements mounted to an electronic component 
(e.g., a probe card insert), according to the invention. 

Figure 2D is a cross-sectional view of an exemplary first 
step of a technique for manufacturing interconnection elements, 
according to the invention. 

Figure 2E is a cross-sectional view of an exemplary further 
step of the technique of Figure 2D for manufacturing 
interconnection elements, according to the invention. 

Figure 2F is a cross-sectional view of an exemplary further 
step of the technique of Figure 2E for manufacturing 
xnterconnection elements, according to the invention. 

Figure 2G is a cross -sectional view of an exemplary 
plurality of individual interconnection elements fabricated 
according to the technique of Figures 2D-2F, according to the 
invention. 

Figure 2H is a cross -sectional view of an exemplary 
plurality of interconnection elements fabricated according to 
the technique of Figures 2D.2F, and associated in a prescribed 
spatial relationship with one another, according to the 
invention. 

Figure 21 is a cross-sectional view of an alternate 
embodiment for manufacturing interconnection elements, showing 
a one end of one element, according to the invention. 
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Figure 3A is a side view of a wire having its free end 
bonded to a metal layer applied to a substrate, through an 
opening in a photoresist layer, according to the present 
invention . 

. Figure . 3B is a side view of the substrate of Figure 3A, 
•with the wire overcoated. according to the present invention.' 

Figure 3C is a side view of the substrate of Figure 3B, 
v/ith the photoresist layer removed and the metal layer partially 
removed, according to the present invention. 

. Figure 3D is a perspective view of a semiconductor device, 
formed according to the techniques set forth in Figures 3A-3C,' 
according to the present invention. 

Figures 4A - 4E are side views of a technique for mounting 
resilient contact structures to a semiconductor die, according 
to the present invention. 

Figures 4F and 46 are side views of a technique, similar 
to that described with respect to Figures 4A-4E, for mounting 
resilient contact structures to semiconductor dies prior to 
their singulation from a wafer, according to the present 
invention. 

Figure 5 is a perspective, partial view of a plurality of 
resilient contact structures mounted to multiple die sites on 
a semiconductor wafer, according to the present invention. 

Figure 5A is a perspective, partial view of a plurality of 
resilient contact structures mounted to a semiconductor die, 
and increasing the effective pitch of the "pin out" (bond pad 
spacing, as used herein), according to the present invention. 
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Figures 6A - 6c are perspective views of a process for 
forming resxlient contact structures on dies (either on a wafer 
or diced therefrom), according to the present invention. 

c.f^^" ^ perspective view of an alternate (to Figures 

6A-6C) process for forming resilient contact structures on dies 
ex^her on a wafer or diced therefrom) , according to the present 
invention- 



Figure 7A is a cross -seccional view of unsingulaced 
semiconductor dies with resilient contact structures mounted 
airectly thereto, undergoing testing and/or bum in, according 

to the xnvention. 

Figure 7B is a cross -sectional view of a singulated 
semiconductor die of Figure 7A effecting an interconnection with 

loZ7. T"' '""^ --^-^ structures 

mounted directly thereto, according to the invention. 

that ' illustrating an exemplary path 

. that a semiconductor device follows, from wafer to packaging 
according to the prior art. >^aging. 

Figure 7D is a flow chart illustrating an exemplary path 
that a semiconductor device follows, from wafer to packaging 
according to the present invention. 

Figure 8A is a cross-sectional view of a technique for 
fabricating tip structures for probe elements, according to the 
invention. 

Figure 8B is a cross- sectional view of further steps in the 
technique of Figure 8A, according to the invent: 
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Figure 8C is a side view, partially in cross-section and 
partially in full of a space transformer component, according 
to the invention. 



Figure 8D is a side view, partially in cross-section and 
partially in full of the space transformer componeni: of Figure 
8C being joined with the tip structures of Figure SB, according 
to the invention. 

Figure 8E is a aide view, partially in cross-section and 
partially in full of a further step in joining the space 
transformer component of Figure 8C joined with the tip 
structures of Figure 8B, according to the invention. 

Figure 8F is a side view, showing a portion of a contact 
structure interconnecting to an external component, according 
to the present invention. 

Figures 9A-9D are perspective views of a technique for 
fabricating a resilient contact structure suitable for making 
interconnection to an exposed, middle portion of the wire stem, 
according to the present invention. 

Figure 9E is a perspective view of a technique for 
fabricating multiple free-standing contact structures without 
severing the wire stem, according to the present invention. 

Figure 9F is a side view of an alternate technique for 
fabricating multiple free-standing contact structures without 
severing the wire stem, according to the present invention. 

Figures lOA and lOB are side views of an alternate 
technique for multiple free-standing contact structures without 
severing the wire stem, according to the present invention. 
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Figures IOC and lOD are side views, illustrating a 
technique for making free-standing wire steins, without 
electronic flame off, in this case, from loops, according to the 
present invention. 

In the side views presented herein, often portions of the 
side view are presented in croi^r section, for illustrative 
clarity.- For example, in many of the views, the wire stem is 
shown full, as a bold line, while the overcbat is shown in true 
cross-section (often without crdsshatching) . 

In the figures presented herein, the size of certain 
elements are often exaggerated (not to scale, vis-a-vis other 
elements in the figure) , for illustrative clarity. 
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DETAILED DESCRIPTION OF THE INVENTTOW 

This patent application is directed to techniques of 
testing (including exercising and performing burn- in) 
semiconductor devices while they are resident on a semiconductor 
wafer (i.e., prior to their being singulated from the wafer). 
•As will be evident from the description that follows, the 
techniques involx-a fabricatihg xesilient contact structures 
directly upon the semicurAductor de^ioes, making pressure 
connections to the resilient contact structures for testing the 
semiconductor devices, and using the same resilient contact 
structures to connect to the semiconductor die after it •is 
singulated from the wafer. Preferably, the resilient contact 
structures are implemented as "composite interconnection 
elements", such as have been described in the disclosure of the 
aforementioned U.S. Patent Application No. 08/452,255, filed 
5/26/95 ("PARENT CASE") , incorporated by reference herein. This 
patent application summarizes several of the techniques 
disclosed in the PARENT CASE in the discussions of Figures lA- 
lE and 2A-2I. 

)^^^ 

An important aspect of the preferred technique for 
practicing the present invention is that a "composite" 
interconnection element can be formed by starting with a core 
(which may be mounted to a terminal of an electronic component) , 
then overcoating the core with an appropriate material to: (1) 
establish the mechanical properties of the resulting composite 
interconnection element; and/or (2) when the interconnection 
element is mounted to a terminal of an electronic component, 
securely anchor the interconnection element to the terminal. 
In this manner, a resilient interconnection element (spring 
element) can be fabricated, starting with a core of a soft 
material which is readily shaped into a springable shape and 
which is readily attached to even the most fragile of electronic 
components. In light of prior art techniques of forming spring 
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elements from hard materials, is not readily apparent, and is 
arguably counter- intuitive, that soft materials can form the 
basis of spring elements. Such a "composite" interconnection 
element is generally the preferred form of resilient contact 
^ structure for use in the embodiments of the present invention 



Figures lA, IB, ic and ID illustrate, in a general manner, 
- varicus shapes for composite interconnection elements, according 
to '_he present invention. 

In the main, hereinafter, composite interconnection 
elements which exhibit resiliency are described. However it 
should be understood that. non-resilient composite 
interconnection elements fall within the scope of the invention. 

Further, in the main hereinafter, composite interconnection 
elements that have a soft (readily shaped, and amenable to 
affixing by friendly processes to electronic components) core, 
overcoated by hard (springy) materials are described. It is 
however, within the scope of the invention that the core can be 
a hard material - the overcoat serving primarily to securely 
anchor the interconnection element to a terminal of an 
electronic component. 

In Figure lA, an electrical interconnection element 110 
includes a core 112 of a "soft" material (e.g., a material 
having a yield strength of less than 40,000 psi) , and a shell 
(overcoat) 114 of a "hard" material (e.g., a material having a 
yield strength of greater than 80,000 psi) . The core 112 is an 
elongate element shaped (configured) as a substantially straight 
cantUever beam, and may be a wire having a diameter of 0.0005- 
0.0(^0/inches (0.001 inch = 1 mil - 25 microns (;.m) ) . The shell 
114 o/s applied over the already- shaped core 112 by any suitable 
process, such as by a suitable plating process (e.g., by 
elec^trochemical plating) . 

25 
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Figure lA illustrates what is perhaps the simplest of 
spring shapes for an interconnection element of the present 
invention - namely, a straight cantilever beam oriented at an 
angle to a force "F" applied at its tip iiob. When such a 
force is applied by a terminal of an electronic component to 
which the interconnection element is making a pressure contact, 
the downward (as viewed) deflection of the tip will evidently 
result in the tip moving across the terminal, in a "wiping" 
motion. Such a wiping contact ' ensures a reliable contact being 
made between the interconnection element and the contacted 
terminal of the electronic component. 

By. virtue of its "hardness", and by controlling its 
thickness (0.00025-0.00500 inches), the shell 114 imparts a 
desired resiliency to the overall interconnection element 110. 
In this manner, a resilient interconnection between electronic 
components (not shown) can be effected between the two ends llOa 
and 110b of the interconnection element 110. (In Figure lA, the 
reference numeral llOa indicates an end .portion of the 
interconnection element 110, and the actual end opposite the end 
110b is not shown.) m contacting a terminal of an electronic 
component, the interconnection element 110 would be subjected 
to a contact force (pressure), as indicated by the arrow 
labelled "F" . 



It is generally preferred that the thickness of the 
overcoat (whether a single layer or a multi- layer overcoat) be 
thicker than the diameter of the wire being overcoated. Given 
the fact that the overall thickness of the resulting contact 
structure is the sum of the thickness of the core plus twice the 
thickness of the overcoat, an overcoat having the same thickness 
as the core (e.g., l mil) will manifest itself, in aggregate, 
as having twice the thickness of the core. 
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The interconnection element (e.g., no) will deflect in 
response to an applied contact force, said deflection 
(resiliency) being determined in part by the overall shape of 
the interconnection element, in part by the dominant (greater) 
.5 yield strength of the overcoating material (versus that of the 
core) , and in part by the thicJcness of the overcoating material 
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As used herein, the teJrms "cantilever" and "cantilever 
beam" are used to indxcata thet an elongace structure (e.g., the 
overcoated core 112) is mounted (fixed) at one end, and the 
other end is free to move, typically in response to a force 
acting generally transverse to the longitudinal axis of the 
elongate element. No other specific or limiting meaning is 
intended to be conveyed or connoted by the use of these terms . 

p^olir in Figure IB, an electrical interconnection element 120 
- similarly includes a soft core 122 (compare 112) and a hard 
shell 124 (compare 114). m this example, the core 122 is 
shaped to have two bends, and thus may be considered to be S- 
shaped. As in the example of Figure lA, in this manner, a 
resilient interconnection between electronic components (not 
shown) can be effected between the two ends 120a and 120b of the 
interconnection element 120. (m Figure IB, reference numeral 
120a indicates an end portion of the interconnection element 
120, and the actual end opposite the end 120b is not shown ) 
In contacting a terminal of an electronic component, the 
interconnection element 120 would be subjected to a contact 
force (pressure), as indicated by the arrow labelled "F" . 

In Figure IC, an electrical interconnection element 130 
similarly includes a soft core 132 (compare 112) and a hard 
shell 134 (compare 114). In this example, the core 132 is 
shaped to have one bend, and may be considered to be U-shaped. 
As in the example of Figure lA, in this manner, a resilient 
interconnection between electronic components (not shown) can 
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be effected between the two ends 130a and l30b of the 
nu^eLTiro"".''"""' "°- 

nuneral 130a indicates an end portion of the interconnection 
elemen X3„, and the actual end opposite the end 130b is not 
the°T„ '° - terminal of an electronic component, 

the interconnection element X30 could be subjected to a contact 
force (pressure), as indicated by the arrow labelled -F- 
Alternatively, the interconnection element 130 could be employed 
to ™aV3 cont..t at oth.r than its end 130b. as indicated by-the 
arrov/ labelled ^tp/n^ ^"^ 

Figure ID illustrates another en*odiment of a resilient 

"'^ i-'«"-ection element 140 is 
essentially a simple cantilever <conpare Figure lA) , with a 
curved tip 140b, subject to a contact force -P- acting 
transverse to its longitudinal axis. ^ 

Figure IE illustrates another embodiment of a resilient 
interconnection element- ISO having a soft core 15. and a hard 
shell 154. in this example, the interconnection element ISO is 
generally .c-shaped., preferably with a slightly curved tip 
150b and IS suitable for making a pressure contact as indicated 
i>y the arrow labelled "F", 

fo,™ ".^f""" understood that the soft core can readily be 
formed into any springable shape - in other words, a shape that 
will cause a resulting interconnection element to deflect 
resiliently in response to a force applied at its tip. For 
example the core could be formed into a conventional coil 
shape However,- a coil shape would not be preferred, due to the 
overall length of the interconnection element and inductances 
(and the like) associated therewith and the adverse effect of 
same on circuitry operating at high frequencies (speeds) 
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The material of the shell, or at least one layer of a 
multi-layer shell (described hereinbelow) has a significantly 
higher yield strength than the material of the core. Therefore, 
the shell overshadows the core in establishing the mechanical 
characteristics (e.g., resiliency) of the resulting 
interconnection structure. Ratios of shell: core yield strengths 
are preferably at least 2:1, including at least 3:1 and at least 
5:1, and may be as high as 10:1. It is also evident that the 
shell, or at least an outer layer of a multi-layer shell should 
be electrically conductive, notably in' cases where the shell 
covers the end of the core. (The parent case, however, 
describes embodiments where the end of the core is exposed, in 
which case the core must be conductive.) 

From an academic viewpoint, it is only necessary that the 
springing (spring shaped) . portion of the resulting composite 
interconnection element be overcoated with the hard material. 
From this viewpoint, it is generally not essential that both of 
the two ends of the core be overcoated. As a practical matter, 
however, it is preferred to overcoat the entire core. 
Particular reasons for and advantages accruing to overcoating 
an end of the core which is anchored (attached) to an electronic 
component are discussed in greater detail hereinbelow. 

Suitable materials for the core (112, 122, 132, 142) 
include, but are not limited to: gold, aluminum, copper, and 
their alloys. These materials are typically alloyed with small 
amounts of other metals to obtain desired physical properties, 
such as with beryllium, cadmium, silicon, magnesium, and the 
like. It is also possible to use silver, palladium, platinum; 
metals or alloys such as metals of the platinum group of 
elements. Solder constituted from lead, tin, indium, bismuth, 
cadmium, antimony and their alloys can be used. 



Vis-a-vis attaching an end of the core (wire) to a terminal 
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of an electronic component (dlBcussed in greater detail 
herein.elo„, .enerall,, a wire of any :.teriai ,e.;., 

ul^raeLr '""''"^ '"^'"^ temperature, pressure and/or 

ultrasonic energy to effect the bonding) «ould be suitable for 
5 practicing the invention. it is within the scope of this 
invention that any material amenable to overcoating (e o 
Plating,, including non-met^Uic material, can be used for' th^ 

Suitable materials for the shell (114 1,4 
" include .and, as is discussed hereinbelo!": „ "h^^ indi., 

■ i^rits al7^ ^'"'^'^"^ ""^ "-^"^ "ic'et 
and Its alloys; copp6r, cobalt, iron, and their alloys- gold 

espe au, ,,,, ys^gold 

15 r \ --""-carrying capabilities and good contact 

nil ::::! '^--^ of the piftmum :r 

noble metals; semi -noble metals and their alloys, particIlarlC 
elements of the platinum group and their alloys tungsten an^ 
molybdenum. m cases where a solder-liKe finish is : LeT 
tm, lead, bismuth, indium and their alloys can also be used 

■ over t": trrfotr: ^'"''"^ "-"^ 

over the various core materials set forth hereinabove will of 

1711: n PPlio^ion. .lectrl; ^ing 

^nerall °. ^ ^^"^""^ techni,!es. 

25 a "id =-nter.i„tuitive to plafe over 

a gold core. According to an aspect of the invention, when 
P ating (especially electroless plating, a nic.el shell ;ver 

!ntist°"'," " '^^'""^ " ^PP^^ - "in copper 

initiation layer over the gold wire stem, in order to facilitate 
plating initiation. ^i-Licate 



^0 ^ An exemplary interconnection element. 



such as is 



w^^.„ciii_, sucn as 

al^rZ .\ "'^^ ^ '^"-"r or 

approximately 0.001 inches and a shell thickness of 0.001 inches 
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- the interconnection element thus having an overall diameter 
of approximately 0.003 inches (i.e., core diameter plus two 
times the shell thickness) . Generally, this thickness of the 
shell will be on the order of 0.2 - 5.0 (one-fifth to five) 
txmes the thickness (e.g., diameter) of the core. 

Some exemplary parameters for composite -interconnection 

elements are : 

(a) A gold wire core having a diameter of 1.5 mils is 
snaped to have an overall height of 40 mils and a generally C- 
shape curve (compare Figure IE) of 9 mils radius, is plated with 
0.75 mils of nickel (overall diameter = 1.5 + 2 x 0 75 = 3 
mils), and optionally receives a final overcoat of 50 
microinches of gold (e.g., to lower and enhance contact 
resistance) . The resulting composite interconnection element 
exhibits a spring constant (k) of approximately 3-5 grams/mil 
In use, 3-5 mils of deflection will result in a contact force 
of 9-25 grams. This example is useful in the context of 
spring element for an interposer. 

(b) A gold wire core having a diameter of 1.0 mils 
shaped to have an overall height of 35 mils, is plated with 1.25 

/J mils of nickel (overall diameter = 1 . 0 . 2 x 1 . 25 = 3 . 5 mils) 
and optionally receives a final overcoat of 50 microinches of 
gold. The resulting composite interconnection element exhibits 
a spring constant (k) of approximately 3 grams/mil, and is 
useful in the context of a spring element for a probe. 

(c) A gold wire core having a diameter of 1.5 mils is 
shaped to have an overall height of 20 mils and a generally S- 
shape curve with radii of approximately 5 mils, is plated with 
0.75 mils of nickel or copper (overall diameter = 1.5 + 2 x 0.75 

30 = 3 mils). The resulting composite interconnection element 
exhibits a spring constant (k) of approximately 2-3 grams/mil 
and is useful in the context of a spring element for mounting 
on a semiconductor device. 
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AS Will be illustrated in greater detail hereinbelow, the 
core need not have a round cross-section, but may rather be a 
flat tab (having a rectangular cross-section) extending from a 
sheet. It should be understood that, as used herein, the term 
"tab" is not to be confused with the term "TAB" (Tape Automated 
Bonding) . 

MULTI -LAYER SHET.T.fi 

Figure 2A. illustrates an embodiment 200 of an 
interconnection element 210 mounted to an electronic component 
212 which is provided with a terminal 214, In this example, a 
soft (e.g.. gold) wire core 216 is bonded (attached) at one end 
216a to the terminal 214, is conficrared to extend from the 
terminal and have a spring ^hape (compare the shape shown in 
Figure IB), and is severed to have a free end 216b. Bonding 
shaping and severing a wire in this manner is accomplished using 
wxrebonding equipment. The bond at the end 216a of the core 
covers only a relatively small portion of the exposed surface 
of the terminal 214. 

A shell (overcoat) is disposed over the wire core 216 
which, m this example, is shown as being multi- layered, having 
, an inner layer 218 and an outer layer 220, both of which layers 
may suitably be applied by plating processes. One or more 
layers of the multi-layer shell is (are) formed of a hard 
material (such as niclcel and its alloys) to impart a desired 
resiliency to the interconnection element 210. For example, the 
outer layer 220 may be of a hard material, and the inner layer 
may be of a material that acts as a buffer or barrier layer 
(or as an activation layer, or as an adhesion layer) in plating 
the hard material 220 onto the core material 216 
Alternatively, the inner layer 218 may be the hard material, and 
the outer layer 220 may be a material (such as soft gold) that 
exhibits superior electrical characteristics, including 
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electrical conductivity and solderability. when a solder or 
braze type contact is desired, the outer layer of the 
interconnection element may be lead-tin solder or gold-tin braze 
material, respectively. 

ANCHORING Tn a T ERMINAL 

Figure 2A illustrates, in a general manner, another key 
feature of - the invention ^ namely, that resilient 
interconnection element can be securely anchored to a terminal 
on an electronic component. The attached end 2l0a of the 
interconnection element will be subject to significant 
mechanical stress, as a result of a compressive force (arrow 
"F") applied to the free end 210b of the interconnection 
element . 

As illustrated in Figure 2A, the overcoat (218, 220) covers 
not only the core 216, but also the entire remaining (i.e., 
other than the bond 216a) exposed surface of the terminal 214 
adjacent the core 216 in a continuous (non-interrupted) manner 
This securely and reliably anchors the interconnection element 
210 to the terminal, the overcoat material providing a 
substantial (e.g., greater than 50%) contribution to anchoring 
the resulting interconnection element to the terminal 
Generally, it is only required that the overcoat material cover 
at least a portion of the terminal adjacent the core. it is 
generally preferred, however, that the overcoat material cover 
the entire remaining surface of the terminal. Preferably, each 
layer of the shell is metallic. 

As a general proposition, the relatively small area at 
which the core is attached (e.g., bonded) to the terminal is not 
well suited to accommodating stresses resulting from contact 
forces C'F") imposed on the resulting composite interconnection 
element. By virtue of the shell covering the entire exposed 
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surface Of the terminal (other than In the relatively small are, 

comprising the attachment of the core end 21 6» ^ .\ 

the overall interconnection structure" filiv : 

terminal. The adhesion strength and abxr / ""^ '° ""^ 

forces, of the overcoat win fat exceed that' f IT 

(216a) itself °^ core end 



inciu:^s t= ""^t ' 

; • -substrates, semic::d;cr; ^Irr jr;~ r '""^""^ 
semiconducting material such ,s silicon ^ '"''^'^ 
arsenide ,Oa.s, , production inte^on:: ^s^J ^ te^^ ZHT 
sacrificial members, elements and substrates T ' 
the parent case; semiconductor packers . ^'^^^'^^^ 

Plastic packages, and chip carrfet^a^a ^T.tZr'"'' 

Parti::L;r:en~ — --tion is 

• interconnection elements mounted directlv to «,-t 
dxes, eliminating the ne^d for having . ^^^^^^^^y to silicon 
. . ^ navmg a semiconductor naolrarr^ 

substrUs"t=;:: ;r:::::i.:rr- - 

• electronic components, and ^-e^nbelow, for testing 

• interconnection elements of ^ 
greater detail hereinbelow) -^-^-ers (discussed in 

unijin rt~:„efTts"frrth" - 

.e.g., high yield strength. " TnZ T^'r"''''''^'" 
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elements of the prior art wherein the plating is used as a 
protective (e.g., ant i -corrosive) coating, and is generally 
incapable of imparting the desired mechanical characteristic to 
the interconnection structure. And this is certainly in marked 
contrast to any non-metallic, anticorrosive coatings, such as 
benzotriazole (BTA) applied to electrical interconnects. 

Among the numerous advantages of the present invention are 
that a plurcaity of free -standing^ interconnect structures are 
readily formed on substrates, from different levels thereof such 
as a PCB having a decoupling capacitor) to a common height above 
the substrate, so that their free ends are coplanar with one 
another. Additionally, both the electrical and mechanical 
(e.g., plastic and elastic) characteristics of an 
interconnection element formed according to the invention are 
readily tailored for particular applications. For example, it 
may be desirable in a given application that the interconnection 
elements exhibit both plastic and elastic deformation. (Plastic 
deformation may be desired to accommodate gross non-planarities 
in components being interconnected by the interconnection 
elements.) When elastic behavior is desired, it is necessary 
that the interconnection element generate a threshold minimum 
[amount of contact force to effect a reliable contact. It is also 
advantageous that the tip of the interconnection element makes 
a wiping contact with a terminal of an electronic component, due 
to the occasional presence of contaminant films on the 
contacting surfaces. 



As used herein, the term "resilient", as applied to contact 
structures, implies contact structures (interconnection 
elements) that exhibit primarily elastic behavior in response 
to an applied load (contact force), and the term "compliant" 
implies contact structures (interconnection elements) that 
exhibit both elastic and plastic behavior in response to an 
applied load (contact force). As used herein, a "compliant" 
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intact structure is a "reBiUenf contact structure. The 
composxte interconnection elements of the present invention .re 

:tru:::r". " -^''-^ - 

s A,nu„j=er of features are elaborated upon in detail, in the 

parent case, including, but not lifted to: fabricating the 
interconnection elements on sacrificial substrates.- gan, 
transferring a Plurality of interconnection elements to an 

10 V th oontLtT""'' "'^ interconnection elements 

with contact trps, preferably with a rough surface finish- 
employing the interconnection elements on an elect'oni; 
component to make temporary, then permanent connections to the 
electronic component,- arranging the interconnection elements t^ 

15 enls /I ' " """'"^ ™^ " opposite 

15 ends, fabricating spring clips and alignment pins in thf same 

ZZim . '^'"^'^"'"^ interconnection element^ 

employing the interconnection elements hr. 

riiffi^-^r, • . exemencs to accommodate 

eii"::: ::eteT:o:r:::: -■"-"^^ 

20 as for SIM» T ■'"""e semiconductor packages (such 

« for SIMMS); and optionally soldering resilient 
interconnection elements (resilient contact structures, . 

Contrnll^rl Imppirianr^^ 



Figure 2B • shows a composite interconnection element 220 
having multiple layers An ir.-nc,^ . . -^«menL ^20 

f xsyers. An innermost portion (inner elonoate 
conductive element) 222 of f-v,= • u elongate 

interconnection element 220 is 
either an uncoated core or a m-r^ wv,-;^k v, w is 
^ ^ ^ which has been overcoated as 

described hereinabove. The tip 222, of the innermost por iol 
222 is masiced with a suitable masking material (not shoL, a 
dielectric layer 224 is applied over the innermost portion 222 
such as by an electrophoretic process . An outer layer 22S of 
a conductive material is applied over the dielectric layer 22, 
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In use. electrically grounding the outer layer 226 will 
result in the interconnection element 220 having controlled 
impedance. An exemplary material for the dielectric layer 224 
IS a polymeric material, applied in any suitable manner and to 
5 any suitable thickness (e.g., o.l - 3.0 mils). 

The outer layer 226 may be multi-layer. For example, in 
instance. „.crein the innermost portion 222 is an uncoated core 
lll^T i-y^- a spring material, 

10 ' ^"bit ".f"^"^ — " interconnection element 

■Lo exhibit resilience. 
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Figure 2C illustrates an embodiment 250 wherein a t>lurality 
(SIX Of many shown) of Interconnection elements 251:. 256 are 
mounted on a surface of an electronic component 260, such as a 
probe card insert (a subassembly mounted in a conventional 
manner to a probe card, . Terminals and conductive traces of Th 
ci° . -i-- for illustrative 

et: Is 2?r - the interconnection 

--__-ll-lo<)-inches . The interconnection elements 251. .256 are 

Shaped and/or oriented so that their free ends (tips) are at a 
/seco d, ^^^^ _ ^^^^ PJ e at a 

interconnect assembly which malces interconnections from a one 
pitch to another pitch is typically referred to as a ..Lace 
transformer". space 

A benefit of the present invention is that space 
transformation can be accomplished by the contact structures 
(interconnection elements) themselves (at first level 
interconnect) , without the intermediary of another component 
such as the discrete assembly of the aforementioned U.S. Patent 

No. 5.414, ?Qa . 
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AS illustrated, the tips 251b. .256b of the interconnection 
elements are arranged in two parallel rows, such as for making 
contact to (for testing and/or burning in) a semiconductor 
devxce having two parallel rows of bond pads (contact points) 
The interconnection elements can be arranged to have other tip 
patterns, for making contact to electronic components having 
other contact point patterns, such as arrays. 

Generally, throughout the embodiments disclosed herein 
although only one interconnection element may be shown, the 
invention is applicable to fabricating a plurality of 
interconnection components and arranging the plurality of 
interconnection elements in a prescribed spatial relationship 
wxth one another, such as in a peripheral pattern or in a 
rectangular array patterij. 



USE OF SACRJFT mg, STTRgTPaTPo 

The mounting of interconnection elements directly to 
terminals of electronic components has been discussed 
hereinabove. Generally speaking, the interconnection elements 
of the present invention can be fabricated upon, or mounted to, 
any suitable surface of any suitable substrate, including 
sacrificial substrates. 

Attention is directed to the PARENT CASE, which describes 
for example with respect to Figures liA-liF fabricating a 
plurality of interconnection structures (e.g., resilient contact 
structures) as separate and distinct structures for subsequent 
mounting to electronic components, and which describes with 
respect to Figures 12A-12C mounting a plurality of 
interconnection elements to a sacrificial substrate (carrier) 
then transferring the plurality of interconnection elements en 
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masse to an electronic component. 

Figures 2D.2F illustrate a technique for fabricating a 
Plurality of interconnection elements having preformed tip 
structures, using a sacrificial substrate. 

'^^' 2" illustrates a lir.t step of the technique 250 
xn wh.ch a patterned layer of „as>ci„g Material 252 is^pplLd 
onto a surface of a sacrificial substrate 2.4 . The sacriffc"! 
substrate 254 may be of thin ,l-l„ „ii, /^^^ 
by way of example, and the masking material 252 may be coTmo; 
Photoresist. The masking layer 252 is patterned to ha^ a 

2 b"^; L'rerearirTsr""' "^-"^^ - 

elements T^e 1^ . '° fabricate interconnection 

elements The locations 256a, 256b and 256c are, in this sense 
co^arable to the terminals of an electronic component 
locations 25Sa, 256b and 256c are preferably treated at tMs 
stage to have a rough or featured surface texture. As shol 
fo^inc'd """^"^"^-^ mechanically with an embossing tool^; 

and 256C. Alternatively, the surface of the foil at these 
locations can be chemically etched to have a surface textu" 
Any technique suitable for effecting this general purpose !s 
within the .cope of this invention, for example sand blastinr 
peening and the like. "lasting, 

Next, a plurality (one of many shown) of conductive tip 
structures 258 are formed at each location .e.g., 256b, as 

snlZTT ^ '"'^ accomplished usin an 

suitable technique, such as electroplating, and may include tip 
structures having multiple layers of material. For example, the 
tip structure 258 may have a thin (e.g., lo - loo microinch, 

folTM"" sacrificial substrate 

followed by a thin (e.g., ^o microinch. layer of soft gold 
followed by a thin (e.g., 20 microinch) layer of hard gold 
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followed by a relatively thick (e o onn * 

. , , ^ »-"iCK le.g., 200 microinch) lavAr- 

nzckel followed by a final thin ,oo .icroincL, IZZ of 

soft gold Generally, the first thin barrier layer of nickel 
IS provided to protect the subsequent lav.r „f j / 
-poisoned" by the material , ^ "^^"^ 

substrate 254 ^H .'^-S-' aluminum, copper) of the 

substrate 254, the relatively thick layer of nickel h„ 
provide Etrtncri-V. ►o the tir, J nickel is to 

of soft ' structure, and the final thin layer 

of soft gold provides , surfac. ^hich is readily bonded to L 
invention is not limited ,o any particulars of ho„ the tip 
structures are forced on the sacrificial substrate, a these 
particulars would inevitably van, f,-™ , 
application. ^ aPPl"ation-to- 

shownrof tores^Vo'f''" """" ' ^^"""'^ '"^ =^ 

on th tip :t:uctures ^^r'^T^"'"" 

bonding a sir :"! co^ t " ' °' "^^ 

oomponent describrhernab'ole^ '^te^o^^ Tso"a""r 

overcoated with a preferably hard material 262 

aescribed hereinabove, ■ and the ^as "ng 1^31111 252 isT" 

removed, resulting in a plurality (three of many sho" of free 

standing interconnection elements 264 mounted to a surface of 

the sacrificial substrate, as illustrated by Pig„„ Z 

ieast"thr:::::era?ror a": °^"t -"^"^ --^-^ « 

respect to PiUe L the <lescribed with 

the cores 26oTo th """^>' ^"^h"" 

d.»H T • respective tip structures 258 and if 

desired, imparts resilient characteristics to the resuUina 
interconnection elements 264. As noted in the pa2t tL 
Plurality of interconnection elements mounted to the sac^f lial 
substrate may be gang-transferred to terminals of an ell t o , 
component. Alternatively, two widely divergent paths may L 
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It is Within the scope of this invention that a silicon 
wafer can be used as the sacrificial substrate upon which tip 
structures are fabricated, and that tip structures so fabricated 
may be joined (e.g., soldered, brazed) to resilient contact 
5 structures which already have been mounted to an electronic 
component. Further discussion of these techniques are found in 
Figures 8A-8E, hereinbelow. 

AS illustrated by Figure 2G, the sacrificial substrate 254 
may simply be removed, by any suitable process such as selective 
10 chemxcal etching. Since most selective chemical etching 
processes will etch one material, at a much greater rate than an 
other material, and the other material may slightly be etched 
xn the process, this phenomenon is advantageously employed to 

remove the thin barrier layer of nickpl in ^>,o ^- \. 

y^"- °^ nicK.ei xn the tip structure 

15 contemporaneously with removing the sacrificial substrate 
However, if need be, the thin nickel barrier layer can be 
removed in a subsequent etch step. This results in a plurality 
(three of many shown) of individual, discrete, singulated 
xnterconnectxon elements "264, as indicated by the dashed line 

■0 266, Which may later be mounted (such as by soldering or 
brazing) to terminals on electronic components. 

It bears mention that the overcoat material may also be 
elxghtly thinned in the. process of removing the sacrificial 
substrate and/or the thin barrier layer. However, it is 
5 preferred that this not occur. 

To prevent thinning of the overcoat, it is preferred that 
a thm layer of gold or, for example, approximately lo 
micromches of soft gold applied over approximately 20 
microinches of hard gold, be applied as a final layer over the 
overcoat material 262. Such an outer layer of gold is intended 
primarily for its superior conductivity, contact resistance, -and 
solderability, and is generally highly impervious to most 
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etching solutions contemplated to be used to remove the thin 
barrier layer and the sacrificial substrate. 



Alternatively, as illustrated by Figure 2H, prior to 
removing the sacrificial substrate 254, the plurality (three of 
many shown) of interconnection eitinents 264 may be "fixed" in 
a desired spatial relationship with one another lay any suitable 
support structure 266, such as by a thin pl&tc having a 
plurality of holes therein, whereupon the sacrificial substrate 
is removed. The support structure 266 may be of a dielectric 
material, or of, a conductive material overcoated with a 
dielectric material. Further processing steps, (not illustrated) 
such as mounting the plurality of interconnection elements to 
an electronic component such as a silicon wafer or a printed 
circuit board may then proceed. Additionally, in some 
applications, it may be desireable to stabilize the tips 
(opposite the tip structures) of the interconnection elements 
264 from moving, especially when contact forces are applied 
thereto. To this end, it may also be desirable to constrain 
movement of the tips of' the interconnection .elements with a 
suitable sheet 268 having a plurality of holes, such as a mesh 
formed of a dielectric material. 

A distinct advantage of the technique 250 described 
hereinabove is that tip structures (258) may be formed of 
virtually any desired material and having virtually any desired 
texture. As mentioned hereinabove, gold is an example of a 
noble metal that exhibits excellent electrical characteristics 
of electrical conductivity, low contact resistance, 
solderability, and resistance to corrosion. Since gold is also 
malleable, it is extremely well-suited to be a final overcoat 
applied over any of the interconnection elements described 
herein, particularly the resilient interconnection elements 
described herein. Other noble metals exhibit similar desirable 
characteristics. However, certain materials such as rhodium 
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Which exhibit such excellent electrical characteristics would 
generally be inappropriate for overcoating an entire 
interconnection element. Rhodium, for example, is notably 
brittle, and would not perform well as a final overcoat on a 
resilient interconnection element. m this regard, techniques 
exemplified by the technique 250 readily overcome this 
limitation. ror example, the first layer of a multi-layer tip 
.structure (see ;.S8) can be thodium (rather than gold as 
described hereinabove) , thereby exploiting its superior 
electrical characteristics for making contact to electronic 
components without having any impact whatsoever on the 
mechanical behavior of the resulting interconnection element. 

Figure 21 illustrates an alternate embodiment 270 for 
fabricating interconnection elements. In this embodiment a 
masking material 272 is applied to the surface of a sacrificial 
substrate 274, and is patterned to have a plurality (one of many 
shown) of openings 276, in a manner similar to the technique 
described hereinabove with respect to Figure 2D. The openings 
276 define areas whereat interconnection elements will be 
fabricated as free-standing structures. (As used throughout the 
descriptions set forth herein, an interconnection element is 
free-standing" when is has a one end bonded to a terminal of 
an electronic component or to an area of a sacrificial 
substrate, and the opposite end of the interconnection element 
IS not bonded to the electronic component or sacrificial 
substrate . ) 

The area within the opening may be textured, in any 
suitable manner, such as to have one or more depressions as 
indicated by the single depression 278 extending into the 
surface of the sacrificial substrate 274. 

A core (wire stem) 280 is bonded to the surface of the 
sacrificial substrate within the opening 276, and may have any 
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suitable shape. In this illustration, only a one end of one 
interconnection element is shovm, for illustrative clarity. The 
other end (not shown) may be attached to an electronic 
component. It may now readily be observed that the technique 270 
differs from the aforementioned technique 250 in that the core 
280 is bonded directly to the sacrificial substrate 274, rather 
than to a tip structure 258. By way of example, a gold wire 
c:cre (280) lii r-aadily bonded, using conventional wirebonding 
teclmiques, to the sarfacts of an aluminum substrate (274): 



In a next step of the process (270), a layer 282 of gold 
is applied (e.g., by plating) over the core 280 and onto the 
exposed area of the substrate 274 within the opening 276, 
including within the depression 278 . The primary puo^ose of 
this layer 282 is to form a contact surface at the end of the 
15 resulting interconnection .element (i.e., once the sacrificial 
substrate is removed) . 

Next, a layer 284 of a relatively hard material, such as 
nickel, is applied oVer the layer 282. As mentioned 
hereinabove, one primary purpose of this layer 284 is to impart 

20 desired mechanical characteristics (e.g., resiliency) to the 
resulting composite interconnection element. In this 

embodiment, another primary purpose of the layer 284 is to 
enhance the durability of the contact surface being fabricated 
at the lower (as viewed) end of the resulting interconnection 

25 element. A final layer of gold (not shown) may be applied over 
the layer 284, to enhance the electrical characteristics of the 
resulting interconnection element. 

In a final step, the maslcing material 272 and sacrificial 
substrate 274 are removed, resulting in either a plurality of 
30 singulated interconnection elements (compare Figure 2G) or in 
a plurality of interconnection elements having a predetermined 
spatial relationship with one another (compare Figure 2H) . 
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This embodiment 270 is exemplary of a technique for 
fabricating textured contact tips on the ends of interconnection 
elements. In this case, an excellent example of a "gold over 
nickel" contact tip hks been described. It is, however, within 
the scope of the invention that other analogous contact tips 
could be - fabricated at the ends of interconnection elements, 
according to the techniques described heiein. Another feature 
of this embodiment 270 is that the contact tips are constructed 
entirely atop the sacrificial substrate (274), rather than 
within the, surface of the sacrificial substrate (254) as 
contemplated by the previous embodiment 250. 
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MOUNTING SPRING T^TT BRCON^re^T ELEMRNTg 

DIRECTLY TO SEMTrnNDUCTOP DgVTngo 

this is the old Ic.le, from CASE-3, edited 

Figures 3A, 3B, and 3C are comparable to Figures IC-IE of 
5 the PARENT CASE, and illustrate a preferred technique 300 for 
fabricating composite interconnections directly upon 
semiconductor devices. xnclad.V.g unsingulated semiconductor 
devices. 

According to conventional semiconductor processing 
10 techniques, a semiconductor device 302 has a patterned 
conductive layer 304. This layer 304 may be a top metal layer 
which is normally intended for bond-out to the die, as defined 
by openings 306 in an insulating (e.g., passivation) layer 308 
(typically nitride). m this manner, a bond pad would be 
15 defined which would have an area corresponding to the area of 
the opening 306 in the passivation layer 308. Normally (i e 
according to the prior art), a wire would be bonded to the bond 
pad. 

According to the invention, a blanket layer 310 of metal 
20 material (e.g., aluminum) is deposited (such as by sputtering) 
over the passivation layer 3 08 in a manner that the conductive 
layer 310 conformally follows the topography of the layer 308 
including "dipping" into the opening 306 and electrically 
contacting the layer 304. a patterned layer 312 of masking 
material (e.g., photoresist) is applied over the layer 310 with 
openings 314 aligned over the openings 306 in the passivation 
layer 308. Portions of the blanket conductive layer 310 are 
covered by the masking material 312, other portions of the 
blanket conductive layer 310 are exposed (not covered) within 
the openings 314 of the layer of masking material 312 Th» 
exposed portions of the blanket conductive layer 310, within the 
openings 314 will serve as "pads" or "terminals" (compare 214), 
and may be gold plated (not shown) . 
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An important feature of this technique is that the opening 
314 is larger than the opening 305. As will be evident, this 
will result in a larger bond area (defined by the opening 132) 
than is otherwise (as defined by the opening 3d6) present on the 
5 semiconductor die 302. 

AnoLher important feature of this technique is that the 

conductive layer 310 acts as a shorting layer to protect the 

device 302 from damage during a process of electronic flame off 
(EFO) of the wire stem (core) 320. 

10 An end 320a of an inner core (wire stem) 320 is bonded to 

the top (as viewed) surface of the conductive layer 310, within 
the opening 314. The core 320 is configured to extend from the 
surface of the semiconductor die, to have a springable shape and 
IS severed to have a tip 320b, in the manner described 

15 hereinabove (e.g., by electronic flame off) . Next, as shown in 
Figure 3B, the shaped wire stem 320 is overcoated with one or 
more layers of conductive material 322, as described hereinabove 
(compare Figure 2A) . In Figure 3B it can be seen that the 
overcoat material 322 completely envelops the wire stem 320 and 

20 also covers the conductive layer 310 within the area defined by 
the opening 314 in the photoresist 312. 

The photoresist 312 is then removed (such as by chemical 
etching, or washing), and the substrate is subjected to 
selective etching (e.g., chemical etching) to remove all of the 
material from the conductive layer 310 except that portion 315 
(e.g., pad, terminal) of the layer 310 which is covered by the 
material 322 overcoating the wire stem 320. Portions of the 
blanJcet conductive layer 310 previously covered by the masking 
material 312, and not overcoated with the material 322, are 
removed in this step, while the remaining portions of the 
blanJcet conductive material 310 which have been overcoated by 
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the material 322 are not removed. This results in the structure 
shown in Figure 3C, a significant advantage of which is that the 
resulting composite interconnection element 324 is securely 
anchored (by the coating material 322) to an area (which was 
defined by the opening 314 in the photoresist) which can easily 
be made to be larger than what would otheiwise (e.g., in the 
prior art.) be considered to be the contact area of a bond pad 
(i.e., the opening 306 in the passivation layer 308). 

Another important advantage of this technique is that a 
hermetically-sealed (completely overcoated) connection is 
effected between the contact structure 324 and the terminal 
(pad) 315 to which it is mounted. 

The techniques described hereinabove generally set forth 
a novel method for fabricating composite interconnection 
elements, the physical characteristics of which are readily 
tailored to exhibit a desired degree of resiliency. 

Generally, the composite interconnection elements of the 
present invention are readily mounted to (or fabricated upon) 
a substrate (particularly a semiconductor die) in a manner in 
which the tips (e.g., 320b) of the interconnection elements 
(e.g., 320) are readily caused to be coplanar with one another 
and can be . at a different (e.g., greater pitch) than the 
terminals (e.g., bond pads) from which they originate. 

It is within the scope of this invention that openings are 
made in the resist (e.g., 314) whereat resilient contact 
structures are not mounted. Rather, such openings could 
advantageously be employed to effect connections (such as by 
traditional wirebonding) to other pads on the same semiconductor 
die or on other semiconductor dies. This affords the 
manufacturer the ability to "customize" interconnections with 
a common layout of openings in the resist. 
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As shown in Figure 3D, it is within the scope of this 
invention that the masking layer 312 can additionally be 
^ patterned, so as to leave additional conductive lines or areas 

upon the face of the semiconductor device 302 (i.e., in addition 
5 to providing openings 314 whereat the interconnection elements 
324 are mounted and overcoatrd) . This is illustrated in the 
figure by the "elongate" opening.^ 324a and 324b extending to the 
openings 314a and 314b, respectively, and the "area" opening 
324c optionally (as shown) extending to the opening 314c. (In 
10 this figure, elements 304,. 308 and 310 are omitted, for 
illustrative clarity.) As set forth hereinabove, the overcoat 
material 322 will be deposited in these additional openings 
(324a, 324b, 324c) , and will prevent portions of the conductive 
layer 310 underlying these openings from being removed. In the 
15 case of such elongated and area openings (324a, 324b, 324c) 
extending to contact openings (314a, 314b, 314c), the elongated 
and area openings will be electrically connected to 
corresponding ones of the. contact structures. This is useful 
in the context of providing (routing) conductive traces between 
(interconnecting) two or more terminals (315) directly upon the 
face of the electronic component (e.g., semiconductor device) 
302. This is also useful for providing ground and/or power 
- planes directly upon the electronic component 302. This iTIl^ 
useful in the context of closely adjacent (e.g., interleaved) 
elongated areas (which when plated, become lines) , such as the 
elongated areas 324a and 324b, which can serve as on-chip (302) 
capacitors. Additionally, providing openings in the masking 
layer 312- at other than the locations of the contact structures 
324 can help uniformize deposition of the subsequent overcoat 
30 material 322. 

It is within the scope of this invention that the contact 
structures (324) are pre-f abricated, for example in the manner 
of Figures 2D-2F described hereinabove, and brazed to the 
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terminals 315, either with or without tips (258) having 
controlled topography. This includes mounting the pre- 
fabricated contact structures to unsingulated (from 
semiconductor wafer) semiconductor dies on a one-by-one basis, 
or several semiconductor dies at once. Additionally, the 
topography of a tip structure (258, 820, 864) can be controlled 
to be rlat, to make an effective pressure connection with a z- 
axis conductive adhesive (868) . described hereinbelow. 
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EXERCISING SEMTrn NDUCTOP DPVT rPQ 

A well-known procedure among integrated circuit (chip) 
manufacturers is the burn-in and functional testing of chips 
These techniques are typically performed after packaging the 
chxps, and are collectively referred to herein as "exercising" 



by 



Modern integrated circuits are generally produced uy 
creating several, typically identical integrated circuit dies 
(usually as square or rectangular die sites) on a single 
(usually round) semiconductor wafer, then scribing and slicing 
10. . the wafer to separate . (singulate, dice) the dies (chips) from 
one another. An orthogonal grid of "scribe line" (kerf) areas 
,.. extends between adjacent dies, and sometimes contain test 
^ ..structures, for evaluating the fabrication process. These 
ecrxbe lines areas, and anything contained within them, will be 
15 destroyed when the dies are singulated from the wafer. The 
sxngulated (separated) dies are ultimately individually 
packaged, such as by making wire bond connections between bond 
pads on the die and conductive traces within the package body. 

. "Burn-in" is a process whereby a chip (die) is either 

20 sxmply powered up ("static" burn-in) , or is powered up and has 
sxgnals exercising to some degree the functionality of the chip 
. ( dynamxc" burn-in) . m both cases, burn-in is typically 
performed at an elevated temperature and by making "temporary" 
(or removable) connections to the chip - the object being to 
25 identify chips that are defective, prior to packaging the chips. 
Burn-xn is usually performed on a die-by-die basis, after the 
dxes are singulated (diced) from the wafer, but it is also known 
to perform burn-in prior to singulating the dies. Typically 
the temporary connections to the dies are made by test probes 
30 of by "flying wires". 

Functional testing can also be accomplished by making 
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temporary connections to the dies Tn o««, 

ai9™.l-,e„erating, ..rcuUry which will eLcil! /o:7". 
functionality Of the chip, m .any instanc " a tesTV 
be fabricated for each die with nroh. 
With hond pads on the pa^ Iculr dT^Lted'^'r'' 

:;\":Lrtd • 

fXcate ^-""i*"' — t Of ti.e to 

As a general proposition, package leads are optimized for 
assembly not for bum-in ,or functional testing, p"o' art 
bum-in boards a-re costiv ar,^ . ^ -^"9^. Prior art 

Of cycles (i e ae„. , " " ^"^^^'^^ ^o thousands 

^f-~p.artic.ular_devi.ces. ^ --~-^-^'"°£^i^5^-5ve_^^^^^ 

Given that there has been some testina ^v, ^^ 
packaging the die, the die is pac^Iae7 / 

. Evidently, the "temporary" connections required f or bu.n 
xn and/or pre-packaging testing of the di!^') 
dissimilar from the "permanent^, -ne" ion^ egu^^d^":: 
packaging the die (s) . required for 

tech " °' invention to provide a 

technique for making both temporary and permanent connectTons 
to electronic components, such as semiconductor dies, using the 
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same interconnection structure, 



It is a further obiect nf 
a. techni^e for .aking te^UU int7"" '° 
perfonning burn-in and or testZ '° ^ies. for 

<^ies are eingulated fro. the L/er o/^i/""" "^^"^^ '''^ 
singulatad from the wafer. " """^ 

it 1-J .■■ farther obiect of fK« _ 
an i^provred technique f or invention to provide 

-.iles, whether-or noHh! sal ;T ^""connections to 

- .a.e pennant colturroThtTeUK^ " 

can rr:riV::trrtra;"^^^^^^^^ — 

connections to an eieetronic co™!^;- ^ sr." 

temporary contact ^0^^^=" V'™"""^^' '^^^ ""^^e- 

atraightforward as orc^""::!:: « =^"^1^ and 
/ux iainary printed circuit boards- 

(«; the same reesii-s^,,*. ««ius, 

^^^^ 
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CHIP-T.RV^L MOUNTT^J Q PROCEfifi 

As mentioned hereinabove (e.g., with respect to Figures 3A- 
3C)., it is well within the scope of this invention to mount the 
resilient contact structures of the present invention directly 
to (on) semiconductor dies. This is particularly significant 
when viewed against prior art techniques of wire bonding to dies 
which are disposed in some sort of package requiring external 
interconnect structures (e.g., pins, leads and thfe like) 
Generally, a semiconductor die is not tolerant of significant 
imposition of heat, such as is generally required when brazing 
pins to packages, because a significant amount of heat will 
cause carefully laid-out diffusion areas in the die to further 
diffuse. This is becoming more and more of a concern as device 
geometries shrink (e.g., to submicron geometries) . As a general 
proposition, for any fabrication process (e.g., CMOS) , there is 
a heat "budget", and the impact of every processing step in 
Which the die is subjected to heat (e.g., reflow glass) must be 
carefully considered and accounted for. 

■ Generally, the present invention provides a technique for 
mounting contact structures directly to semiconductor dies 
without significantly heating the die. Generally, the bonding 
of the wire stem to the die and the subsequent overcoating 
(e.g plating) of the wire stem are performed at temperatures 
which are relatively "trivial" when compared to device 
fabrication processes (e.g., plasma etching, reflow glass) which 
subject the dies to temperatures on the order of several 
hundreds of degrees Celsius (oc) . For example, bonding of gold 
wires will typically occur at 140°-l75oc. Bonding of aluminum 
wires can occur at even lower temperatures, such as at room 
temperature. Plating temperatures are process dependent, but 
generally do not involve temperatures in excess of 100»C. 
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Plgur.. 4A-4S illustrate the process of putting resilient 
contact structures on a silicon chip, or onto silicon chips 
(diesl prior to their having been singulated from a 
sen-xconductor wafer. An important feature of this process is 
the provision of a shorting layer (mentioned hereinabove with 
respect to the layer 310) , which is important for overcoating 
the shaped wire stems of the resilient contact structures by 
electroplating (discussed hereinabove,. inasmuch as 

electroplating involves depositing material out of a soluMor 

could °' " field 

could damage sensitive semiconductor devices, as well as the 

till T " flame-off 

technigues for severing the wire, as discussed hereinabove, 
certaxnly has the potential to damage semiconductor devices, the 
shorting layer will provide electrical protection, during the 
process, for such sensitive electronic components. Optionally 
the shorting layer can also be grounded. 

Figure 4A shows a semiconductor substrate 402 having a 
Plurality (two of many .Ho«n> bond pads 404. The bond pads 404 
are covered by a passivation layer 406 (typically silicon 
nrtride, which has openings over each of the bond pads 404 
Typically, these openings in the passivation layer 40S peJt 
a bond wire to be bonded to the bond pad, for wirebondi!g the 
substrate (e.g., die, to a leadframe or the like. Por all 
intents and purposes, the openings in the passivation layer 
define the size (area, of the bond pad 404, irrespective of the 
fact that the metallization of the bond pad may (and typically 
will extend beyond the opening in the passivation layer 406 
ITypically the bond pad, per sa, is simply a location in a 
pattern of conductors in a layer of metallization.. The 
preceding is well known in the art of semiconductor fabrication 
and additional layers of conductive, insulating and 
semiconducting material between the bond pads (top metallization 
layer, and the substrate 402 are omitted, for illustrative 
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Clarity. Typically, but not necessarily, the bond pads are all 
at the same level (e.g., if a preceding layer has been 
planarized) on the semiconductor substrate (device) , and it is 
immaterial for the purposes of the present invention whether or 
5 not the bond pads are coplanar. 

Figure 4A further shows that the bond pads 404 are shorted 
... together by a conductive layer 410 of aluminum, Ti-W-Cu 
(titanium-tungsten-copper), Cr-Cu ( chromium- copper) , or the 
like,, applied by conventional processes to the entire surface 
10 of the substrate 402 (over the passivation layer 406 and into 
the openings in the passivation layer) so as to make electrical 
contact with the bond pads 404. A patterned layer of resist 
(photoresist) 412 is applied over the shorting layer 410, and 
_ xs patterned to have openings 414 aligned directly over the bond 

x5 pads 404. Notably, the openings 414 in the resist layer 412 
can be of an arbitrary size, and are preferably larger than the 
openings in the passivation layer 406 so that a "virtual" bond 
pad (defined by the opening 414 through the resist 412 to the 
shorting layer 410) has a larger area than the "actual" bond 
20 pad 404. According to an aspect of the invention, the area of 
the virtual bond pad is significantly, such as up to 10% 20% 
30%, 40%, 50%, 60%, 70%, 80%, 90% or 100% larger than the actual 
bond pad (as defined by the opening in the passivation layer 
Typically, bond pads (and their openings) are square (as viewed 
25 from above) . However, the particular shape of the bond pads is 
not particularly germane to the present invention, which is 
applicable to bond pads having rectangular, round or oval 
shapes, and the like. 



30 



Figure 4B illustrates a next step in the process of 
mounting resilient contact structures to the substrate 402 
Wires 420 are bonded at their distal ends 420a to the shorting 
layer, in the openings 414, and fashioned to have a shape 
suitable for functioning as a resilient contact structure when 



56 



I 



wo 96/15459 

PCT/US9S/1488S 

overcoated. Generally, any of the above-mentioned techniques 
for fashioning, wire stem shapes can be employed in this step. 
In this example, the wire 420 is fashioned into a wire stem 
having a shape similar to the shape set forth in Figure 2A. 

5 Figure 4C illustrates a next step in the process of 

mounting resilient contact structures to the substrate 402 
wherein the wire stems (shaped wires 420) are overcoated with 
one (or more) layer (s) 422 of a conductive material. (As in 
previous examples, only th4 topmost layer of multilayer coatings 
10 are required to be conductive.) Again, any of the 

aforementioned processes and materials for overcoating shaped 
wxre stems may be employed in this step. m this example, the 
wxre (1420) is electroplated (overcoated) with nickel. As in 
the previous examples, the overcoat is what determines the 
resiliency of the resulting contact structure, and also greatly 
enhances the anchoring of the contact structure to the 
substrate. In this example, the entire substrate is submersed 
xn an electroplating bath, and nickel is plated up inherently 
selectively on the wire stems and in the openings 414 of the 
resist 412 (nickel will not electroplate to resist material) 
In thxs manner, resilient contact structures 430 are provided 

Figure 4D illustrates a next step in the process of 
mounting resilient contact structures to the substrate 402 
wherein the wire stems (1420) have been overcoated (1422) to 
25 form resilient contact structures 430. The resist 412 layer 
evident in the last three steps, has been removed. At this 
poxnt in the process, the virtual bond pads are simply contact 
areas (compare 110) on the continuous shorting layer 410 
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Figure 4E illustrates a final step in the process of 
mounting resilient contact structures to the substrate 402. in 
this step the shorting layer 410 is removed at all location 
except under the overcoating 422. For shorting layers formed 
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Of materials that are readily selectively etched . 

etching the overcoat material 422 or the n. " ' 

406) k passivation material 

by selecting the appropriate etohant) . The only "Kaai= 
re^ire^ent to i.pie„ent selective etching. i„ this ela J L 

:::.i:^%rr^j:/:rarthrth" 

wui aisaoive the one ^..0^:1^^::--::^;:^ 

th a" :f : Jin: ^ '""^-^ -^^-^ 

-o Which the present invention .ost nearly pertains. 

A distinct advantage of the process of ^h= 
invention is that a larger "virtual. ! 
than otherwise existed u l T„ ' " 
layer, . The overcoat 422 fi'r^v . T""' °' Passivation 
this virtual contact aria .L"uvTn "° " 

Of the Wire ste„. Moreot^ altlT'^^^^^ ""^^ 
=^are ,or rectangular, /r' rirLtu"^ ctttr-par 
process of the present invention allows for the crelu;n of 
virtual contact pads (openings in the resist .12 of aly pttfile 
(e.g., rectangular, round, oval, etc.). Moreover it iTl, 

r off"t"trt";;:i~ ^--^ ~ 

o.™;^ „ center of the actual contact pad. This 

pennits "staggering- the tips (distal ends) of the resilient 

rrT'ii^ear^ry ''acrr -r'- ^-^^^^^ 

««hioning at least\„: .I^^lt-re^shar 'orriltr s" 

As mentioned hereinabove:' hv,^ ^ 
resilient contact structureri^or^o T^.e.le Tn":! 
performed on a already-singulated die, or on dies ,die sTtes 
Pr.or ^^^^^^^^^^ ^^^^ ^ seliconduct: 
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The steps described hereinabove can also be performed on 
(See Figure 5, hereinbelow, for a discussion of mounting contact 
S :L^r '''""^ '° singulatin. the dies from the 

descrih^"° " ^"™=-'> immediately hereinbelow, 

describe a process similar t, the process of Figures 4A-4E, but 
wherein contact structures a.-e applied to dies prior to 
singulatihg the dies from a wafer. 

° resiJ^T' " - post-finishing step wherein the 

resilient contact structures 430 have been mounted to a 
Plurality of die sites 402a and 402b (two of many shown) on a 
semiconductor wafer. * suitable scribing or .cerfing toil "o 

eachT t ' ^ "'"""'^ °' singulated dies, 

each die having resilient contact structures mounted thereto. 

step "Zl "V"'"'" "P'""^^- P°"-"ni3hing 

step, which can be performed prior to .or after (i e 

independently of, the post-f inishing step shown in Figure ■4P' 

in this step, a suitable hermetic (e.g., poller, coating ,60 

surface as well as the proximal ends 430a of the resilient 

contact structures 430 a as the edges of the substra^ 

(as Shown,. TVPically (i.e., preferably, such coatings are an 
insulating material, and covering the distal end (tip, 430b of 
shL/"ti""' structure 430 is to be avoided (as 

show^,. If not avoidable, insulating material ,1460, covering 
the tip 430b Of the resilient contact structure must be removed 
Additionally, coating any more than an incidental (very small, 
portion Of the length of the resilient contact structure with 
the insulating material ,1460, is to be rigorously avoided, as 
the insulating material may alter tha resilient (spring, 
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characteristics of the contact structure 43 0 imparted thereto 
(largely) by the overcoat 422. This step represents an 

important feature of the invention in that semiconductor dies, 
especially the aluminum bond pads thereof, can hermetically be 
sealed from the environment (atmosphere) . Such hermetic sealing 
of the die permits the use of less hermetic (and typically less 
expexisiv-.^ packages to be used. For example, ceramic packages 
are very hermetic (moisture proof) and very expensive. Plastic 
packages are less hermetic, and less expensive. PCB-substrate 
type packages tend to be even less hermetic, and comfjarable in 
cost to plastic packages. 
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WAFER-LEVEL MOUNTING RESTT.TRMT CONTAPT fiTRucTTTpRg 

Discussions set forth hereinabove have generally emphasized 
mounting the resilient contact structures of the present 
invention to discrete substrates, including to semiconductor 
dxes. The present invention is of broader scope, and is 
especially advantageous, for mounting the resilient contact 
structures of the present invention to dies, pr-ior 
singu.lating (dicing) the dies from a wafer. This affords the 
opportunity to perform testing and burh-in of unsingulated dies 
prior to dicing them from the wafer, using the resilient 
interconnection techniques of the present invention. The 
mounting of contact structures to unsingulated dies has been 
briefly discussed hereinabove, with respect to Figures 4P and 
46. 



Generally, in the prior art, testing unsingulated dies at 
wafer-level required some sort of die selection techniques, 
whether electrical (e.g. , die selection mechanism built into the 
wafer and/or dies) or mechanical (e.g., probes, flying wires, 
and the like) , both of which tends to be complex and add a 
significant increment to the cost of production. The 
opportunity, according to the present invention, to construct 
"final" contact structures on unsingulated dies, and to use 
these contact structures both for testing and permanently 
connecting the dies, avoids these intermediate steps, and will 
25 also tend to be more economical than test -after-dice 
methodologies . 

Additionally, during the fabrication of dies on a wafer, 
It is often the case that imperfections in the wafer will be 
identified prior to wafer processing. Any dies fabricated at 
30 such imperfect die sites should immediately be discarded (after 
dicing), without even "bothering" to test these dies. 
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Figure 5 illustrates a portion 502 of a semiconductor 
wafer, illustrating a plurality of die sites 504a.. 504o defined 
by a grid of kerf (scribe) lines 506. Resilient contact 
structures 530 have been mounted to bond pads (not shovm) on 
each of die sites 504a.. 504d and 504f..504o. Resilient contact 
structures (530) are not mounted to the die site 504e (which 
may have been determined, prioi to mounting the resilient 
contact structures,, to be defective) . As shown in this figure, 
all of the resilient contact structures on a die site are 
"oriented" so no portion of the resilient contact structure 
occupies a position directly above a kerf line 506. 

After singulating the dies from the wafer, they can be 
coated (or encapsulated) with a suitable insulating material, 
leaving the tips of the resilient contact structures exposed for 
subsequent interconnect to a board or to a card. 

Generally, the ability to fabricate resilient contact 
structures directly on semiconductor dies, prior to singulating 
the dies from a wafer, represents a tremendous advantage in the 
overall process of manufacturing semiconductor devices. This can 
be exemplified by the following: 

In a typical process flow of the prior art, dies are probed 
while on the wafer, then are diced from the wafer, then are 
mounted to a die attach pad on a leadframe, then are wirebonded 
to fingers of the leadframe, then the assembly of die and 
leadframe are inserted into a mold for encapsulation, and the 
resulting packaged die is removed from the mold, trimmed (e.g., 
of "flash") and formed (e.g., the portions of the leadframe 
fingers extending from the package body are formed into suitable 
gull-wing configurations or the like. 

In a typical process flow of the present invention, dies 
are probed while on the wafer, resilient contact structures are 
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mounted to the "good" (passed) dies, the dies are diced from the 
wafer, then the dies are coated or encapsulated. As a general 
proposition, it is preferred that probing dies in the manner 
described hereinabove be limited to dies having fewer than one 
hundred bond pads to be probed, such as memory devices. 
Nevertheless, probing dies at the wafer level (prior to 
singulation), especially for purposes of burn-in, is greatly 
facilitated t>y the disclosed process. 

In Figure 5, the resilient contact structures 530 on any 
are disposed on two sides of a die, and the resilient contact 
structures on any one. side of the die are illustrated as all 
being shaped the same and oriented in the same direction. This 
establishes a "pitch", or spacing between tips of adjacent 
resilient contact structures which, as is evident, will be the 
same as the pitch of the" bond pads to which the resilient 
contact structures are mounted. 

This illustrates an advantage of the invention, in that 
resilient contact structures, suitable for connecting directly 
to a printed circuit board or the like, can be mounted directly 
to semiconductor (e.g., silicon) devices, to form a "chip size 
package " . 

Such a device, with resilient contact structures mounted 
directly thereto is ready for test and burn-in, and ready for 
interconnecting to a card or a board, as discussed, for example, 
with respect to Figures 7A and 7B, in greater detail 
hereinbelow. 

For purposes of this discussion, it is assumed that a given 
semiconductor device will have a lower limit on how close bond 
pads can be disposed, especially a single row of bond pads, and 
that- this lower limit establishes a pitch for what is termed 
herein the "pin-out" of the device. (It is understood that the 
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term "pin-out" is typically used to describe the signal 
assignments of bond pads rather than their physical spacinT ) 
Th.s p.„-out Pitch tends to be relatively fine (small, as 
compared with pad spacing which can feasibly be achieve; on 
printed circuit boards, which partially accounts for the general 
acceptance of using bond wires, lead frames, and the ll.e, in 
the context of packaging dies, to amplify (spread, the pin-out 



Generally, a critical Constraint on board design is that 
contact (solder, pads must be spaced far enough apart si tl^ 

coir """^"""^ P-B therebetween to effec; 

complex interconnection schemes.- Moreover, as a general 

proposition, the larger the solder pad, the better, as it 'm 
^accept. . ^^^^^ ^ rt w n 

connection . owxuci 



According to a feature of the invention, resilient contact 

to substrates (e.g., semiconductor dies), which is useful in 
increasing the effective pitch of the device pin-out. 

struck" ^^rr;- dts" "T"^ — 

straightforward matter to shape tr^ont^cts Z thL tret^rr 
beyond the perimeter of the die. cenerally, when lun i'g 
resilient contact structures to electronic components, according 
to the present invention, the shape and extent of the wire ste! 

Which will be overcoated, is virtually unconstrained, readi y 
allowing for fan-out (increasing fro. a relatively small 
spacing, such as on a die, to relatively larger spacing, sue" 
as on a printed circuit board). 

contact =r T""' "'^ °* invention that 

contact structures extending beyond the perimeter of a die can 
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be mounted to unsingulated dies on a wafer. This would require, 
for example, sawing the wafer from the opposite side, since such 
contact structures would overlie the kerf lines. 

Another advantage of the present invention is that, when 
the wire stem is plated (overcoated) , the overcoat material can 
be permitted to. build up in areas of the electronic component 
which are not specifically intended for making interconnections. 
For example, the edges of the electronic component could be 
plated while plating wire stems mounted to the face of the 
electronic component. Or, the opposite side of the electronic 
component can be plated while plating the wire stems. 
Generally, any area on the electronic component which is not 
masked will be plated. (m many of the embodiments described 
hereinabove, the contact area (e.g., no) where the wire stem 
IS bonded to the electronic- component is defined by an opening 
in photoresist, or the like.) 

Figure 5A illustrates an embodiment of the invention 
wherein the orientation of contact structures is staggered to 
increase their effective density, and is similar to Figure 24 
of CASE- 2. The figure illustrates a semiconductor die" 520 

atop which a plurality of dissimilar contact structures have 
been mounted, according to the techniques set forth above. A 
first portion. 522 of the contact structures are configured 
(shaped, bent) to have a relatively large offset (i.e., distal 
end from the proximal end) . A second portion 524 of the contact 
structures are configured (shaped, bent) to have a relatively 
small offset (i.e., distal end from the proximal end) . In this 
manner, as illustrated, the spacing between the proximal ends 
of adjacent contact structures (522 and 524) is "m", and the 
spacing between the distal ends of adjacent contact structures 
is "n", where n>m. For example, "m" is approximately five mils, 
and "n" is five-to-ten mils. As further shown in the figure,' 
straight contact structures 528 extending normal to the surface 
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Of the electronic component 520 can be formed on the electronic 
component. These contact structures 528 are intended to 
function as alignment pins which will mate with corresponding 
alignment features (such as holes) on another electronic 
component such as a printed circuit board (PCB) . Preferably 
these alignment pins 528 are not resilient, but they may 
certainly be fM^xicated in the same process steps as the 
resilient contact structures 522 and 524. 

Optionally, an encapsulant can be disposed on the surface 
of -the substrate, encompassing the lower (as viewed) portions 
of the contact structures, mechanically reinforcing the 
attachment of the resilient contact structures to the surface 
of the substrate. 

The staggering of the tips of the contact structures 
according to the present invention, allows the designer to relax 
the "ground rules" (design rules) for a board to which the 
electronic component will be mounted, allowing for contact 
(soldering) pads disposed further from one another and/or larger 
individual soldering pads. 

In use, temporary connections can be made to the 
electronic component 520 via the contact structures (522, 524 
526), and subsequent permanent connections can be made to' the 
electronic component 520 via the same contact structures (522, 
524 526), in the manner discussed hereinabove with respect to 
Figures 7A and 7B (described hereinbelow) . This facilitates 
wafer-level exercising (testing and burning-in) of un-singulated 
dies on a wafer, if desired, a feature which is particularly 
advantageous for semiconductor memory devices (but not limited 
thereto) . it is within the scope of this invention that the 
contact structures 522. 524, 526 and 528 are gang-transferred 
to the wafer (or chip) 52 0, in the manner set forth hereinabove. 
The gang-transfer technique generally avoids the need to form 
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a Shorting layer (compare 126) on the electronic component 
s.nce the contact structures are fabricated ..off-line" a e 
on a sacrificial substrate). ii.e., 

NO SHOPTTwr; f■^vER RRnnTPPn 

us. Of" "'^ ^-^^^-i—^- described hereinabove, th- 

""e of ^^^^^ been described (see eo 

conductive layer 3lo in Figures 3A.3C) » w ■ 
useful „hen overcoatin. Z ^.^ ^^J^T^^^J^^ 

Which all of the wire stems are connected, also facilitate, 
electroplating, by. si^larly shorting out (electrlcallv 
connecting together) a plurality of wire st4.s. '"'"'"""^ 

Pigur. SA illustrates a first st.r, Hn = 
a eacrificial structure 602 i= ^ / Process, wherein 

and overcoating a pirralitv of " with shaping 

.bonded) to a femiconrtor d/e ^ "'"^ ^ 

The sacrificial structure 6o:> -ie * 
structure, fro. a conductive7and readil ' 
^tep Of the process, „aterill such aL"""""'' " ^ 
an outer ring 604 definina a„ ^1""^"™. and includes 

J- ^ a ou* aeiining an area into which the die 6l:> 

'oris Ih'"',^ —bar .606 spanning fro™ one side of thl Ln 

sectional r " ^^^"^ - "^^^ "oss 

sectional perspective drawing) of the ring 604. This result 

e^^gTo :r"" "° ~- 
cross.baT^:°r rriitrr. ^-^"^^ " - 

over ThTs?"''' =^""-"1 -'-cture (cage) is positioned 

S12, prior to mounting the wire stems 630 and 632 to the 
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As shovm, the wire stems in each row of bond pads along a 

ToT^ZrT^^- "'^ alternately to the outer ring 

604 and the .nner cross-bar 606, and are bonded to the 
sacr.f.c.al structure, such as by having their distal ends 
wedge-bonded thereto. ,,^3 .anher, the sacrificL 

structure S02 ' shorts all of the wire stems together, and is 

^or subse^ent plating of the 

Figure SB shows a next step in the process, wherein the 
wire stems 630 and 632 are plated ir. i-u 

. piated, m the manner described 

hereinabove, to function as resilient content . 

. -tca-iiienc contact structures 640 

and 642, respectively. 

sacrif'Ll^' "'"^ V- '° ™ (eliminate, the 

t, and there are generally two 

ol ITir "^e sacrificial structure. 

ZJ.\ "="fi=ial structure can be dissolved (e.g., 

•stlcturr' ""^ °' 



..... . possibility. Wherein the 

Ba=r.£.cial structure (602) has been dissolved away, leaving 
the d.e 612 with the resilient contact structures 6« and Zl 

" was generally rntended that the extreme distal ends of the 
res.Uent contact structures „ake contact with another 
L7°"rL'/" ''^^"^"^ -""i-t contact structures 

Hl of H " intermediate portion 640c and 

contact , ^'"""""^ "° respectively, make 

contact (as indicated by the arrows labelled -C") to another 
component (not shown) . another 
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^ Generally, by alternating the orientation of the conta« 
structures 640 (pointing in towards the interior of tTT 
surface, an. 642 (pointing out towards the exterr/J the aieT 
the effective Pitch of the contact structures can be larger t^ n 
the pin-out pitch of the die. (compare Pigur. 5A) vl. I 
interior-pointing contact structures 640, thtr^is a "o'b t' 
their tips 640b and the surface of the die ir a ^ " 

the .n^diment shown and described with resoect T^" " 
ec of the PARENT CASE whioh 7, ^'■Sur^B SA- 

resiiient contact Tr^^^e tittouritTt'"'"""" " 

surface of the semiconductor v^s a-X 

pointing contact structures 64., their tips 64. are't;;":" 

thrtll ?; tt' '""^"""^ ^"^^ appLent probie: e 

the txp Of the contact structure touching the surface of the 
die, m response to contact forces) . 

Throughout Figure. 6A-6C, the die 612 k 
passivation layer 614 on lt= 1 , °™ "^^^ = 

manner described hereinlte ' 

w.ere"Thr:a^^;i-r"trct::Trir-" °^ — 
=r:itrres::^ ::Tigu"%r - - -"^-e:: 

a .esulting structu^ wl^d^Ta^ nZt":^^^^^^^^^ ^ 
^'^-sJt:Tl:^^^:^^ ---ct to .igures 

:nrtrterr:r^r - ^ 

It is within the scope of this invention that th. 
electronic component (612) is "freed" from ^h 

xreea from the sacrificial 
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structure (602) simply by cutting the contact structures (e g 
of Figure 6B) or the wire ste^s (e.g.. of Figure Sd, ' 

60=, advantage of using a sacrificial structure (e g 

«02, xs that no electronic flame-off is reouir.d L i 

otherwise would subject the electron,'. "hioh 

electronic component 

e«remely high a„d potentially-damaging voltrges ,e.;"".„:: 

It: is also within the scon^ of • 

ecope ot this invention that hho 

aTrwrmr::i'rrthr^^;r/"^"^"^' - 

« thermally-meltable, ^^^Z^^:::::: ^ ^^^^^ 

X result m the contact portioiJ 

e.g. 642= becoming the .free end of the contact stLture 

Wire stel,' '"""'"^'^ '"^"""^ structure o" 

Fi^re a" "^-"^^ ™- 

descrlbld h""^ °' "-chanical.. severing technigues 

tltage Of ^"^^ ^^-^^"^'^ -i''- 'he high 

rrLl\ ^P«'=-«vering avoided, but the height of the 

resulting contact structures is aa=,„-./i ■ ^ ■ 5* °i "^ne 
straightforward manner. ^' " ' ""^^-^l' 
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a SIWg CONTACTS MnnMTBn qh SRHTrn^ngCTng nv,rrrr= 
BOTH FOB EYEp^jpTfp ami parf^ ftoTun ^ PfTT^R r 

An inportant feature of the present invention is that by 
mounting resilient contact structures (cofhposite interconnection 
elements) directly to l,ond pads on semiconductot dies, prior to 
thexr being slngulated (separated, from a wafer, the same 
IZ, T """" "-u"ures can be used to exercise (test 
ana/or bum-xn) the semiconductor devices and to package the 
semxconductor. devices (after they have been singulated) 

Figure 7A illustrates a plurality (two of many shown) of 
semiconductor devices (dies) 702 and 704 prior to singulating 
the devices from a semiconductor wafer. A boundary between the 
two devices is indicated by the notch 706. (The notch may or may 
not actually exist, and represents the position of a )cerf (linef 
Where the wafer will be sawed to singulate the devices.) 

A plurality (two of many shown, on each device 702 and 704 
respectively) of resilient contact structures 706 (compare 430)' 
are^directly mounted to the devices 702 and 704, respectively 
in the manner described hereinabove, for example, with respe« 
to Figures 3A-3C and 4A-4G. 

.A test board 710 having a plurality (four of many shown) 
of contact pads (terminal csi -tt-s ^ „ w 

waf^r- Itermmals) 712 is brought to bear against the 

wafer, or vice-versa, so that each of the contact pads effects 
a pressure connection with a corresponding one of the resilient 
contact structures. m this manner, a technique is provided 
for performing "socket less" test and burn-in of unsingulated 
semiconductor devices. 

The test card 710 can be as straightforward (e.g., readily 
and inexpensively manufactured) printed circuit board (PCB) 
having a plurality of pads 712 disposed on its top (as viewed) 
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The wafer (devices 702, 704 and additional devices) are 
aligned with the card 710, using any suitable alignment means 
(such as locating piils, not shown) so that each resilient 
contact structure 708 bears upon a corresponding pad 712. This 
effects a ^ resilient, "temporary connection between the card 
710 and the electronic components 702 and 704. The card 71C may 
be provided with edge connectors or the like (not shown) aad 
optionally with built-in test circuitry (not shown) , so that 
test and burn- in of the component is readily performed. 

Among the advantages of this technique are that a "special" 
probe card having its own resilient probe elements is not 
required, and need not be constructed in order to perform these 
testing (and burn-in) operations. 

An important advantage accruing to the technique 
illustrated in Figure 7A is that the resilient contact 
structures 708 each stand on their own (disassociated from one 
another), and can be fabricated to extend to a significant 
distance from the surface of the die (702, 704). This is 
important, in that it provides an appreciable "dead space" both 
between the resilient contact structures and between the 
opposing surfaces of the die (e.g.. 702) and the test card 710 
This dead space 714 is exemplified by and is illustrated in 
dashed lines between the opposing surfaces of the die 702 and 
the test card 710. In many semiconductor applications, it is 
beneficial to provide decoupling capacitors as close to 
xnterconnections as possible. According to the present 
invention, there is ample space for decoupling capacitors (not 
shown) to be located in the otherwise "dead space" 714. Such 
decoupling capacitors can be mounted to either the semiconductor 
die (702) or to the test card. 
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Flgur. 7B iUuetrates that the same resilient contact 
structures 70S that were used for socketlese test and burn-in 
of the unsingulated semiconductor devices (e.g 702) can 
Bubee^ently advantageously be employed, without modification, 
to effect a .permanent" connection between the electronic 
component 702 and .an^terconnect^on_substrate_ (system board) 

lllr.Z is"provided" "with "r 

.pluralxty of contact pads 722 ,l.pned, on a one-for-one basis, 
. with the txps of the resilient cntacc structures 7oe on the 
co^onent 702. A permanent connection between component 702 
and the substrate 720 can be accomplished <i, by applying 
permanent, pressure to the component 702, via spring clips an! 
the l..e <not shown, , to bias the component against the 
substrate, or ,ii, by soldering the component 702 to th^ 
substrate 720. 

to th' '"T' '"""^""'^ structures 708 are soldered 

to the pads 722 on the substrate 720. This is readily 
accompushed by preparing, each pad with a quantity of soldel 
(e.g., solder paste), urging the component 302 against the 
substrate, and running the assembly through a fuLce for 
ref owing .thermally cycling, the solder. The reflowed s'older 
IS Illustrated in Figure 7B as solder fillets 724. 

7B, there rs an appreciable dead space ,714, between the 
resxLent contact structures and between the opposing surfaces 
Of the d.e 702 and the^. wiring^s^bst ra t whereat decoupling 

capacitors and the like can be disposed. 

The inventive techni,jue of using the same resilient contact 
structures ,726) for mailing both temporary and permanent 
connectrons to an electronic component is especially beneficial 
in the context of resilient contact structures mounted to active 
semiconductor devices (I.e., bare, unpackaged dies. 
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Another benefit of the inventive technique shown and 
described with respect to Figures 7A and 7B is that for both the 
test card (710) and the wiring substrate (720), the layout of 
terminals (712, 722) is essentially the same, "mirroring" the 
layout of. the bond pads (i.e., the resilient contact structures 
708) on the semiconductor die. (Vis-a-vis the test card 710 
this "sameness" applies on a per-die basis, and is replicated 
when the test card is sized to exercise multiple unsingulated 
dies.) In practical terms, this means that the same general 
"design" (terminal layout) can be applied to both the test card 
and the wiring substrate, thereby obviating the need to have one 
design for a probe card and another design for the wiring 
substrate. 

It is within the scope of this invention that tip 
structures. such as the tip structures 820 described 
herexnbelow, can be mounted to the tips of the resilient contact 
structures 708, including prior to excising the unsingulated 
semiconductor dies 702 and 704 . 
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The concept of mounting composite interconnection elements 
(wire stems having at least one layer of a conductive, metallic 
coating) to semiconductor devices, at wafer-level, and re-using 
the same interconiiection €:lements for both testing/burn-in 
(temporary connection) and for tmal packaging (permanent 
connection) of the semiconductor devices was first mentioned in 
the aforementioned commonly-owned U.S. Patent Application No. 
08/152,812, and was further elaborated upon in the 
aforementioned commonly-owned r.s. Patent Application No. 
08/340,144 (including corresponding PCT/US94/133 73) . For 
example, as described in the latter: 

• "it [is] possible to mount contacts on devices in either 
wafer or singulated form." 

• "it is possible t6 make contact to the semiconductor 
devices in the wafer prior to die cutting [the] wafer." 

• "the processes ... can be utilized with semiconductor 
devices in wafer form as well as with single semiconductor 
devices . " 

• "... capable of being tested at its full functional speed 
by yieldably urging the tips of the contact structures . . . into 
compressive engagement with matching contact terminals provided 
on a test substrate ..." 

• can also be used for burn-in testing of the 
semiconductor device." 

• "By use of resilient contact structures carried by 
semiconductor devices ... and using the same to make yieldable 
and disengageable contacts with contact pads carried by test and 
burn- in substrates, testing and burn- in can readily be 
accomplished . . . thereby avoiding the need for first level 
semiconductor packaging." 
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Figure 7C illustrates an exemplary path 740 that a 
semiconductor device follows from its fabrication on a 
semiconductor wafer to final assembly (packaging) , according to 
the prior art. As illustrated by the step 742 ("WAFER FAB"), 
a plurality of semiconductor devices are fabricated on a 
semiconductor wafer. Next, in a step 744 ("WAFER PROBE/MAP") 
the semiconductor devices on the wafer are probed, and a "map- 
is created to indicate which semiconductor devices have 
successfully been fabricated, and which semiconductor devices 
have failed to be successfully fabricated. Next, in a step 746 
("WAFER SAW") the wafer is sawed to singulate the semiconductor 
devices, and the good dies are set aside for packaging and 
further testing. The steps 744 and 746, offset by dashed lines 
comprise the wafer processing phase of the overall process flow.' 

Next, the successfully fabricated dies are packaged, such 
as by attaching ("DIE ATTACH"; step 748) the dies to a paddle 
of a leadframe, wirebonding ("WIRE BOND"; step 750) bond pads 
on the dies to leadframe fingers, overmolding ("OVERMOLD"- step 
752) the die and leadframe (e.g., with plastic molding 
compound), optionally solder plating ("SOLDER PLATE"; step 754) 
external (to the package body) exposed portions of the leadframe 
fingers, trimming ( "dejunking" ) excess molding compound 
("flash") and forming (e.g., gullwings, J-leads) the external 
portions of the leadframe fingers ("TRIM & FORM"; step 756), 
placing the packaged dies in a tray pack ("TRAY PACK"; step 758) 
which can withstand the relatively high temperatures of a burn- 
in furnace, performing burn-in ("BURN-IN"; step 760), and 
further testing ("SPEED SORT"; step 762) the packaged 
semiconductor devices to sort the devices according to 
prescribed criteria (e.g., performance specifications, such as 
operating speed). (At the completion of the step 762, feedback 
can be provided to the wafer fab 742.) These steps 744.. 762 are 
illustrative of a chip packaging phase of the overall process 
flow. In a final step ("SMT CARD ASSEMBLY"; step 764), the 
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packaged, sorted semiconductor device is mounted (such as by 
surface mount (SMT) to ^wiring substrate (card).. The same 
steps would generally apply"~ t^-iiSTcSHductor devices packaged 
without leadframes (e.g., ball grid array packages). 

The process of burning- in a semiconductor device involves 
powering up the device at an elevated temperature. Evidently, 
the materials of the package (e.g., plastic) impose constraint^ 
upon tae temperatures to which the packaged semiconductor device 
can be exposed in a burn-in furnace. A common bum-in regime 
involves heating the packaged semiconductor device to a 
temperature of 1250C for a period of 168 hours. As discussed 
hereinbelow, a benefit of the present invention is that 
semiconductor devices can be burned in at temperatures greater 
than 125«'C, such as at 150«>C and equivalent results will accrue 
in a much shorter amount of time, such as in 3 minutes (versus 
168 hours) . 

Certain concerns arise when performing burn- in on already- 
packaged semiconductor devices. Very few packages can tolerate 
prolonged exposure to high temperatures, especially when non- 
metallic or non-ceramic materials are included in the packaging. 

Figure 7D illustrates an exemplary path 78 0 that a 
semiconductor device follows from its fabrication on a 
semiconductor wafer to final assembly (packaging) , according to 
the present invention. As illustrated by the step 782 ("WAFER 
FAB"; compare 742), a plurality of semiconductor devices are 
fabricated on a semiconductor wafer. 

In a next step 784 ("WAFER PROBE/MAP"; compare 744) the 
semiconductor devices on the wafer may be probed, and a "map" 
created to identify which semiconductor devices have 
successfully been fabricated, and which semiconductor devices 
have failed to be successfully fabricated. (As discussed 
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hereinbelow, this step 784 could be omitted, or performed later 
in the process flow.) 

In a next step 786 ("SPUTTER/RESIST/PAD PLATE"), the wafer 
is processed, for example by sputtering a blanket conductive 
layer, applying and patterning a masking material such as 
photoresist, performing pad. (terminal) plating, and the like, 
as described hereinabove, in preparation for mounting resilient 
conLsct-.s thereto (see Figures 3A-3C) . Optionally, the step 784 
could be perfcnoed after the step 786. 

In a next step 788 ("SPRING ATTACH)", the aforementioned 
core portions (compare 112, 122, 132, 142, 152, 216; 320; also 
referred to as "wire stems") of the resilient contact structures 
(composite interconnection elements) are attached to the pads 
(terminals) . This may be done on only those dies that have 
passed the initial wafer probing (step 784). Alternatively, 
even those dies that failed in initial wafer probing (step 784) 
can have core portions attached thereto, to uniformize 
subsequent overcoating (step 790, described hereinafter) . 

In a next step 790 ("SPRING DEPOSIT/STRIP"), the overcoat 
material is applied over the cores, and the masking material 
(photoresist) and portions of the blanket conductive layer 
underlying the masking material are removed (see Figures 3A- 
3C) . Optionally, the step 784 could be performed after the step 
786 . 

Next, in a step 792 ("HOT CHUCK BURN-IN"), the unpackaged 
semiconductor devices are burned- in. Power is provided to the 
unsingulated semiconductor devices by making pressure 
connections to the resilient contact structures (composite 
interconnection elements) mounted to the unsingulated 
semiconductor devices. 
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Preferably, the burn-in step 792 is performed at a 
temperature of at least 150oc. since the semiconductor device 
IS not yet packaged, and since the composite interconnection 
elements mounted to the semiconductor devices are entirely 
n^etallic, at this stage of the process, it is possible to 
subject the semiconductor device to temperatures that would 
otherwise be destructive of packaged semiconductor devices 
(compare step 760) wiuoh include marerials which cannot sustain 
such elevated temperatures. Burn- in can be performed upon all 
of the wafer-resident (un^ singulated) semiconductor devices or 
devLr'''''^ °' wafer-resident semiconductor 

According to an aspect of the invention, unpackaged 
se.aconductor devices can be burned in at temperatures greater 
than 1250C, such as at least iSQoc (including at least l75oc and 
at least 200-0 and satisfactory results will be obtained in a 
matter of several (e.g., 3) minutes, rather than several (e g 
168) hours. Evidently, the quicker that burn-in can be 

performed, the shorter the overall process time will be and 
commensurate cost savings will accrue. The use of higher burn- 
xn temperatures is facilitated by the fact that the composite 
xnterconnection elements of the present invention are metallic 
structures. According to this feature of the invention, 
satisfactory burn-in can be performed in less than 60 minutes, 
including less than 30 minutes and less than 10 minutes. 

Next, in a step 794 ("SPEED SORT"; compare 762) the 
unpackaged semiconductor devices are tested to sort the devices 
according to prescribed criteria (e.g., performance 
spec.fxcations) . This can be performed on one unsingulated die 
at a time (testing a plurality of unsingulated dies in 
sequence) , or can be performed on more than one die at a time 
At the -completion of this step, feedback can be provided (e g 
yxeld problems reported) to the wafer fab 782. if high yield 
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is observed in this steD 79k -.-i- - i. ^ . 

r.^r.u- ' desired to omit the 

probing step 784 entirely. 

7.4) 'th! ''""'/'"P ^"^^^ ^ ASSEMBLY"; compare step 

/o4) the unpackaged, sorted semiconductor device is fin!nv 
assembled, such as by surface mount (SMT) to . J ^ 
(card) . ' ^°^J??--?A5g- substrate... 
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PRE-FAHRTrATTKTP. TIP STPrTPTTTP PO , 

PRQCEgSTNfl rnMPOqTTF TNTRPrOMMp n TiONr PT.PMTTxrrc , ^^^T 
JOINING THE TIP STRTTrTTTPFq TO T»V rKTrpoo^^ ^^TOM PT.r.^x^. 

Figures 2D.2P, discussed h4reinabove, disclose a technique 
for fabricating tip structures (258) on a sacrificial substrate 
(254) , and fabricating composite interconnection elements 264 
on the txp structures (258) for subsequent mounting to terminals 
or an electronic component. 

Figure 8A illustrates an alternate technique 800 for 
fabricating composite interconnefction elements having pre- 
fabricated tip structures brazed (e.g.) thereto, and is 
particularly useful in the context of resilient contact 
structures residing on semiconductor devices. 

in this example, a silicon substrate (wafer) 802 having a 
top (as viewed) surface is used as the sacrificial substrate 
A layer 804 of titanium is deposited (e.g., by sputtering) onto 
the top surface of the silicon substrate 802, and has a 
thickness of approximately 250 A (lA = o.i nm = lo"" m) a 
layer 806 of aluminum is deposited (e.g., by sputtering) atop 

ifonnT"" " ^^'^^^^^^ approximately 

10 000 A. The titanium layer 804 is optional and serves as an 
adhesion layer for the aluminum layer 806. A layer 808 of 

lZT\n'. ^'T'"'" -top the aluminum 

layer 806, and has a thickness of approximately 5,000 A A 
layer 810 of masking material (e.g., photoresist) is deposited 
atop the copper layer 808, and has a thickness of approximately 
2 mils. The masking layer 810 is processed in any suitable 
manner to have a plurality (three of many shown) of holes 812 
extending through the photoresist layer 810 to the underlying 
copper layer 808. For example, each hole 812 may be 6 mils in 
diameter, and the holes 812 may be arranged at a pitch (center- 
to-center) of 10 mils. The sacrificial substrate 802 has in 
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this manner, been prepared for fabricating a plurality of multi- 
layer contact tips within the holes 812, as follows: 

A layer 814 of nickel is deposited, such as by plating 
onto the copper layer 808, and has a thickness of approximately 
1.0 -1.5 mils. Optionally, a thin layer (not shown) of a noble 
metal such as rhodium can be deposited onto the copper layer 
prior to depositing the nickel. Next, a layer 816 of gold is 
deposited, such as by plating, onto the nickel 814. The multi- 
layer structure of nickel and aluminum (and, optionally 
rhodium) will serve as a fabricated tip structure (820, as shown 
in Figure SB) . 

Next, as illustrated in Figure SB, the photoresist 810 is 
stripped away (using any suitable solvent), leaving a plurality 
of fabricated tip structures 820 sitting atop the copper layer 
808. Next, the copper (808) is subjected to a quick etch 
process, thereby exposing the aluminum layer 806. As will be 
evident, aluminum is useful in subsequent steps since it is 
substantially non-wettable with respect to solder and braze 
materials . 

It bears mention that it is preferred to pattern the 
photoresist with additional holes within which "ersatz" tip 
structures 822 may be fabricated in the same process steps 
employed to fabricate the tip structures 820. These ersatz tip 
structures 822 will serve to uniformize the aforementioned 
plating steps in a manner that is well known and understood, by 
reducing abrupt gradients (non-uniformities) from manifesting 
themselves across the surface being plated. Such structures 
(822) are known in the field of plating as "robbers". 

Next, solder or brazing paste ("joining material") 824 is 
deposited onto the top (as viewed) surfaces of the tip 
structures 820. (There is no need to deposit the paste onto the 
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tops of the eraatz tip structures 822) . This is implemented in 

stencil. A typical paste (joining material) B24 would • 
gold-tin alloy ,in a flu. matri.) exhibiting for elanile " In 
spheres (balls). -^ur example, l mil 

The tip structures 820 are now rteadv k« 

, J reaay to be mounted (e.a 

brazed) to ends (tips) of resdHor,^ ^ 

....... .r. -."r .rr:*" 

the txp structures 820. ^ ^ recexve 

Of a pltTli't?";""'" ' "^'"'^"^ "° one 830 

Of a plurality of unsingulated semiconductor devices with a 

iizrjrizri:^'' °' ™- --~o: 

(8201 K.' "=°""P"^« 324) in anticipation of tip structures 

: nts 8L~ " °' ^'-^ intLoonnecuL 

Shown": fuli (r«heTth°"" ^""^"--"-^ elements S32 are 

in ruxi (rather than m cross section) . 

. In this example, the composite interconnection elements 832 

further overcoated with a layer (not shown) cf copper As wUl 

thickness, the remaining small portion (e.g., 20.) of tie nil 
thickness beinq deDosi^*:.H ^r, nicKei 
hereinbelow. ^ " ' -ubse,uent step, described 



In this example, the semiconductor die 630 is provided with 
a Plurality (two of many shown, cf piUar-li.e structures 834 



83 



wo 96/15459 

PCr/US9S/14885 

extending from its top (as viewed) surface which, as will be 
evident, will function as polishing "stops". it is not 
necessary to have a large number of these polishing stops. 

The semiconductor device{s) 830 are then "cast" with a 
suitable casting material 836, such as themi^lly-meltable 
solution-soluble polymer, which serves to support the composite 
interconnection elements 832 extending from the top surface of 
the semiconductor device (s) . The top (as viewed) surface of the 
overmolded semiconductor device (s) is then subjected to 
polishing, such as with a polishing wheel 838 which is urged 
down (as viewed) onto the top surface of the casting material 
The aforementioned polishing stops 834 determine the final 
position of the polishing wheel, as indicated by the dashed line 
labelled "P" . m this manner, the tips (top ends, as viewed) 
of the composite interconnection elements 832 are polished to 
be substantially perfectly coplanar with one another. 

It is generally advantageous that the tops of the resilient 
contact structures are coplanar, to ensure that reliable 
pressure connections are made with either a test card (e g 
710) or with a wiring substrate (720) . Certainly, starting with 
txps which have been planarized by polishing (or by any other 
suitable means) will contribute to achieving this important 
objective . 

After having planarized the tips of the resilient contact 
structures by polishing, the casting material 836 is removed 
with a suitable solvent. (The polishing, stops 834 will be 
removed at this time.) Casting materials are well Jcnown, as are 
their solvents. It is within the scope of this invention that 
casting materials such as wax, which can simply be melted away, 
can be used to support the interconnection elements (832) for 
polishing. The semiconductor device (s) has (have), in this 
manner, been prepared to receive the aforementioned tip 
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Structures (820) . 

th. LT'^T'"' °' "^^ operation is th« 

the material overcoating the gold «lre stem (core) of the 
composite interconnection element 832 will be removed at the 
tip leaving the gold core exposed, inasmuch as it is desired 
to braze tip structures !32c; to the tips of the composite 
interconnection element., hiving ..^osed geld material to braze 
to IS desireable. "i«*ze 

10 th. """""^ " " P«'«-ed to further "prepare" 

10 the composite interconnection elements for receiving the tin 
structures by first performing one additional pla:-^ step^' 

^TToZT: T'"' interconnection elements 

832 to provide the composite interconnection elements with the 
aforementioned remaining small portion (e.g., 20., of their 
15 desired, overall nickel thickness. 

to b."""' ""T" ^""^ in '•ig^re SB is now brought 

HX:.TITJ'''"'' semiconductor device, s, . .s shown in 
Figure SD, the tip structures 620 (only two tip structures are 
Shown in the view of Pigure eD. for illustrative clarity, are 

oTll:: " --^^''^ interconnection e Ints 

832, using standard flip-chip techniques (e.g., split prism,, 
and the assembly is passed through a brazing furnace to refli; 

prefab""f '""^"^ '-5- ^-^^"9^ the 

_ prefabricated tip structures 820 to the ends of the cLtact 
3 Structures 832. concact 

It is within the scope of this invention that this 
technique can be used to join (e.g., braze, pre-f abricated tip 
structures to ends of non-resilient contact structures 
contact structures, composite interconnection 
' elements, and the like. 
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During the reflow process ^h• . j 

ISDCI °=ess, Che exposed aluminum layer 

(806) , being non-wettable, prevents solder li e h«,., / 
flowing between the tip structures 820 ij ' 
..iages .rom forming between ..^^ t^ -str::::;:; 
addition to this anti-wetting function of the aluminum' laye^ 
the aluminum layer also serves as a release layer Usinra 

-ice having com;rite''Tn;er:l:.;erir ^eml: 
prefabricated tip structure, as illustratTrn M^TsT ' 
.Note that the Joining material 82, has reflowed as^iUets. 
on end portions of the interconnection elements 832. in a 
fiaal step of the process, the residual copper (808, is et^K . 
away, leaving the tip structure 820 with nicLl Ir 'hod' 

It is within the sconp> <-.f ♦-v,,* 

^ ^ ^^^^ invention, but it ir 

ucT"s' ^r::rT'- T -"rconnec^on Lemen 

themseir,";n\:e":;rrtVr:hTr r.'" 

respect to Figures 2D-2F ul , "chnigue described with 

described witT r"s Lr;o ;?g::r^8rVnr "j""""^^ -""^--^ 

to the semiconductor device ,sr --^-.^ently mounted 

.-de"::;::::: - ni::,- -^stt: t;-^i 
:orc\^rres''p:i;/r-""' -i^^^^^^ 

thereto. """"""^ '''^ "P- 'S20, 

form;'""^ °' "'^ techniques described hereinabove for 

forming contact tips at the ends of resilient contact structures 
is particularly useful in the context of making pressure 
connections via the intermediary of a .-axis 'cond tin 
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adhesive. The use of such adhesives is becoming common, for 
example, .n mounting active devices to li,^id crystal display 

(LCD) panels. ^ ^ 

As described hereinabove, the distal end (tip) of the 
contact structure can be provided with a topological contact 
pad, or the like. It is, for example, within the scope of this 
invention that the tips of the contact structures can^ be 
provided with flat tabs (pressure plates) . - In this manrer, 
interconnections to external components are readily made 
(without soldering or the like) , especially to fragile external 
components, through the intermediary of what is termed "z-axis 
conducting adhesive", which is a known material having 
conductive (e.g., gold) particles disposed therein and which 
becomes conductive under compression. 

Figure 8F illustrates an overcoated wire stem 862, the 
distal end (tip) of which is provided with a flat tab (pad) 864 
m a manner similar to the technique described hereinabove with 
respect to Figures 2E or 8A-8B. 

An electrical interconnection is effected from the contact 
structure 862 to an external electronic component 866 by means 
of a z-axis conducting adhesive 868 having conductive particles 
870^ suspended throughout. when the electronic component 
(omitted in this view) to which the contact structure 862 is 
urged (see arrow "C") against the external component 866, the 
adhesive 868 is compressed and becomes conductive 
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CPTOCTTUn ft CBWTflT. POPTTON or nir i»TR»rnMM..TTn^ . 

According to an aspect of the invention, electrical contact 
between a contact structure counted to a first electronic 
co^onent can be ™ade by a central portion of the wire ste™ 
lateriar -ther than with the overcoat 

bond " i"""-^"" = "i" "en, 902 having a one end 902a 

bondcid to a substrate 9or r, 

ucscrace 908 (e.g., a semiconductor device) and 

another end 902b bonded to the substrate 90S. The ends 902a Z 
902b are both bonded to the same contact are, 910 (e.g.. bond 
pad) on the substrate 908. 

eh"::;: -:t-z^:^ 
= o^f^thr::. — > - - 

Figure 9C illustrates a next step, wherein the masked wire 
Stem IS overcoated with ah « •, 

such as nickel. °' ^ "-"^-^^^ 

n.ater"r972 T '"""""^ = "herein the masking 

Of the „.re stem exposed, for making contact to another 
electronic component. m this context, gold is a good choice 
for the w.re stem ,902), due to its superior electrical contact 
properties, and it is not important that the overcoat ma er a 
920 be electrically conductive (only that it establish the 
sprxng qualities of the resulting contact structure) . 
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In many of the embodiments presented h=,.. ■ 
been described that a wire (e a ,f hereinabove, it has 

a contact area o„ an eleotronfc" ' " 

"raight,. and severed be ^ree /tIT"' ^'^"^^ 

end Of .V resulting wire ste" r .tt^hed 'L^t'; T^" 

co.po„.p.t. and the oener (free, end of the 

available fo. .ahi.g contact ^o another electr " " 

Generally, this requires individuallv ' 

standing wire stem by repeatinrthe^^ToT b"? 

severing, for each wire stem. «eps of bonding and 

(mult^ree'strndrr:. " ^ 1>-. 

p...aiityofbond:rs:rpsra^:^:i;:L^^^^^^^^^^^^ ^ 
p«vi:"lVrs::rd^i^resnJrrtt'^ - 

.nds ,o.a and ,0.b of tTe "rt stem 

same contact area (9io) or t„ ! ! "^""^^ '° ^^e 

, XIO. not Shown, on'^e' ^ulLrtte .o;""" 

Where:: ttir;.le7,- ^ 

:".:;^frarea ^riM'-"' it^n™:::; 

With a thin layer o, tfn T-'l ^= -ercoated 

"n eutectic, ^;:ic: r. pr^.^ ^iirir^^b^ 

brazing operations. subsequent 

In this embodiment, after removing the mask 
contact structure is heated to a sufficient t. 
will reflow the eutectic wire stem T '^-P-^.ture which 

-ia.e.. ..ight, betw:eTth:::o n:,:!Tf 

j.egs ot the contact 
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Structure to "collapse.', resulting in two free-standing contact 
structures 930 and 932, as shown in Figure 9E, each having 
eutectic tips (compare Figure 49B of the PARENT CASE) - the tips 
(distal ends) being suitable for n,a)cing contact to another 
electronic component. 

It is within the scope of this invention that this 
principle could be applied to a sequence of loops, such as are 
shown in Figure 24C of the PAFENT CASE,, to form multiple free- 
standing contact structures, without requiring severing (e g 
electronic flame off) the free ends of each of the wire stems." 

According to an embodiment of the invention, a plurality 
of single bond wires can be looped between two electronic 
components, then severed, to form a double -plurality of free- 
standing wire stems (or overcoated wire stems) . 

For example, as shown in Figure 9F, a single wire stem 942 
has first end 942a mounted to a first electronic component 944 
and a second end 942b mounted to a second electronic component. 
Attention is directed to Figure 5 to illustrate the point that 
the two electronic components 944 and 94 6 may be adjacent 
unsmgulated semiconductor dies on a semiconductor wafer. 

The example of Figure 9F, where a wire stem (core) bridges 
two adjacent electronic components (e.g., semiconductor dies) 
xs Illustrative of an exception to the "rule" that an 
xnterconnection element mounted to an unsingulated semiconductor 
die should not overhang an edge of the semiconductor die to 
which it is attached (mounted) . 

As mentioned hereinabove, it is generally preferred that 
contact structures mounted to unsingulated semiconductor dies 
according to the present invention, do not extend over the edges 
of the dies - an area between two adjacent dies being a Jcerf 
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area whereat a saw (or the like) will perform the operation of 
Singulating (dicing) the dies. 



wire 



As shown in Figure 9F, the "bridge" portion of the 
stem 942 may simply be sawed in the same operation 'I^ 
singulating the dies, witn a kerfing saw 950. Compare Figure 

The concept of making multiple free-standing contact 
structures without severing can also be done with simple 
wxrebond loops extending from a one terminal to another 
terminal or from a terminal on a one die to a terminal on 
another die (compare Figure 5) . Additionally, a sequence of 
loops, can be dealt with in this manner, leaving behind a large 
number of free-standing wire stems, each mounted to a distinct 
terminal on the electronic- component . 



It as also within the scope of this invention that the wire 
stems shown in Figure 6B can have their topmost portions removed 
xn any suitable manner, which will separate the frame from the 
die{s). Rather than (e.g., dissolving the frame, . 

Generally, it is within the scope of this invention that 
loops may be formed (typically from terminal to terminal), and 
their bight portions removed in any suitable manner to result 
xn two free-standing wire stems per loop. For example, the loops 
can be encapsulated in a material such as wax, and polished to 
separate the legs from one another. This can be done before 
overcoating, or after overcoating, if done after overcoating 
the wire stem will be exposed, and the benefits of having an 
eutectic wire stem can readily be realized. 

For example, Figure lOA illustrates a plurality (two of 
many shown) of loops 1002 and 1004 formed between terminals 
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1006, 1008, 1010 and 1012 on a surface of an electronic 
component 1014. Figure lOB shows the loops 1002 and 1004 
encapsulated (e.g., potted) in a sacrificial material 1020 
(compare 836), such as hard wax. After being potted in this 
manner, a grinding (polishing) tool 1022 (compare 838) is 
brought to bear down upon the potted loops, grinding through the 
potting material 1020 ar.d through the bight portions of the 
loops 1002 and 1004, tmMl the loops are severed. (This is 
indicated by the dashed line labelled "P in the fiaure^ Then 
the potting material is removed (such as by melting) . This 
results in each loop being two, free-standing wire stems (not 
Illustrated). It is within the scope of this invention that the 
w^re stems (loops) are overcoated either before potting or 
after grinding (and removing the potting material) 

items I overcoated prior to potting, the wire 

stems would be exposed to form braze-able tips. 

It is within the scope of this invention that the loop wire 
stems (e.g., 1002) extend from a terminal on a one electronic 
component to a terminal on another electronic- component (rather 
than the two terminals being on the same electronic component, 
as illustrated) . f 

By fabricating multiple wire stems from loops, or the like, 
electronic components (such as semiconductor devices) to which 
the loops (and, ultimately the free-standing contact structures) 
are mounted are spared from the high, potentially damaging, 
voltages (e.g., thousands of volts in a discharge) associated 
with electronic flame off techniques. 

Figures IOC and lOD illustrate another technique for maJcing 
free-standing wire stems, without electronic flame off, from 
loops, according to the present invention. As illustrated a 
wire stem 1052 extending from a terminal 1062 on an electronic 
component 1058 is formed into a loop and bonded back onto the 
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terminal (or onto another terminal on the electronic component, 
or onto another terminal on another electronic component) . A 
substantial portion of one "branch" (leg) of the loop is covered 
with a masking material 1054, such as photoresist. The loop is 
then overcoated with a material 1058, and the photoresist is 
removed, at which point the previously-masked branch of the loop 
can also be removed, resulting in a free-standing overcoated 
wire stem, as illustrated in Figure lOD. 

Although the invention has been illustrated and described 
in detail in the drawings and foregoing description, the same 
is to be considered as illustrative and not restrictive in 
character - it being understood that only preferred embodiments 
have been shown and described, and that all changes and 
modifications that come within the spirit of the invention are 
desired to be protected. Undoubtedly, many other "variations" 
on the "themes" set forth hereinabove will occur to one having 
ordinary skill in the art to which the present invention .most 
nearly pertains, and such variations are intended to be within 
the scope of the invention, as disclosed herein. Several of 
these variations are set forth in the parent case. 

For example, in any of the embodiments described or 
suggested herein where a masking material (e.g., photoresist) 
is applied to a substrate and patterned such as by exposure to 
light passing through a mask and chemically removing portions 
of the masking material (i.e., conventional photolithographic 
techniques) , alternate techniques can be employed, including 
directing a suitable collimated light beam (e.g., from an 
excimer laser) at portions of the masking material (e.g., 
blanket hardened photoresist) sought to be removed, thereby 
ablating these portions of the masking material, or directly 
(without the use of a mask) hardening portions of the masking 
material with a suitable collimated light beam then chemically 
washing off the non-hardened masking material . 
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For example, in an automated process, multiple unsingulated 
semiconductor dies can be exercised .tested and/or Lld^nf 
^.le resident on . semiconductor wafer, and determination! c^ 
be made of which dies are "qood" whi^i, 

multiples, Of dies are "good. and llT . """^ 

3,,^ ^ , ^ ° • °ins arranged (in the 

automated processing- line, to sort these different categorxes 
of dies upon their singulation from the wafer. 

element^rttr" ■ ^"^^ "-Po^ite interconnection 

elements Of the present invention are but an example of suitable 

resilient 'raTr>" '"'"'"'^ overcoating a generally non- 
resUaent (albe.t easily shaped) core (wire, ribbon etc ) and 
overcoating with a sprinqable r. . ^°oon, etc.) and 

strength, material is di^f- "tiv^ir.J^te"^'' ''''' 

a ^^j-vc in cnat the overcoat serves 

;.rai™rti':i f z r-'- 

^composite interconnection elemenU^t:!, Tsrulel" 
the composite interconnection element ^o ^>, . • 
el^»r'^r■or,■!^ S-Lement to the terminal of the 

electronic component. 

Moreover, as mentioned hereinabove, there is amnio 

(714) available between the resilien^ . ^ ^^""^ 

cne resilient contact structures (72R1 

to accommodate any desired additional electr6nic componen (s 
such as decoupling capacitor (s) . omponent(s) , 
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CLAIMS 

What is claimed is: 

Method of testing semiconductor dies, prior to their 
be.ng sxngulated from a semiconductor wafer, comprising 

directly to^TZ ' '^^"^''"^ °' structures 
dxrectly to a pluraixry of terminals on a surface of a 

semiconductor die, said resilient contact structures each having 
a tip and extending from the surface of the die- 

urging a substrate having a plurality of terminals 
towards the surface of the die to effect a plurality of p^ss're 
connections between respective terminals and tips of the 
resilient contact structures; and 

to test ^J7'^'"^/^^-^- the terminals of the substrate 
CO test the semiconductor die. 

2. Method, according to claim 1, wherein- 

the resilient contact structures are composite 
interconnection elements. composite 

3. Method, according to claim 1, wherein- 

Platina JTu ^-^^--t contact structures are mounted by 
plating to the terminals of the semiconductor die. 

4. Method, according to claim 1, wherein- 

'""^ resilient contact structures are anchored by a 
continuous overcoat to the terminals of ^ho • . 

terminals of the semiconductor die. 
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<-5^ Method of testing and mounting semiconductor dies 
comprising : ^-i-co , 

fm. " "/'"""'^ °' semiconductor dies being singulated 

rrom a semiconductor wafer: 

direotlv " plurality of resilient contact structures 

o "f th °' - - -rface of at least 

o„. the plurality of semiconductor dies, said resilient 
con act structures each having a tip and extending from the 
surface o£ the uitr.; 

toward. th^^'T ' "^^^"9 ^ plurality of terminals 

towards the surface of the die to effect a plurality of pressure 
connections between respective terminals and Tips of the 
resilient contact structures; and 

to test 'he terminals of the substrate 

to test the semiconductor die; 

after testing the semiconductor die: 

singulating the die from the wafer; and 

mounting the die to an electronic component 

Of the die and terminals of the elen^™^^ 

unc execcronxc component . 



6. Method, according to claim 5, wherein- 

the resilient contact structures are composite 
interconnection elements. 



7. Method, according to claim 5, wherein: 

the electronic component is a wiring substrate. 

8. Method, according to claim 5, further comprising- 
prior to the plurality of semiconductor dies being 

singulated from a semiconductor wafer: 

mounting a plurality of resilient contact structures 
directly to a plurality of terminals on a surface of a plurality 
Of semiconductor dies, said resilient contact structures each 
having a tip and extending from the surface of the die; 
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urging a substrate having a plurality of terminals 
towards the surface of the die to effect a plurality of pressure 
connections between respective terminals and tips of the 
resilient contact structures; and 

providing signals to the terminals of the substrate 
to test the plurality of semi conduct oi: dies; 
after testing the semiconductor dies: 

singulating the dies from the wafer; ahd 
mounting the dies : to electronic components, 
connections being made between the resilient contact structures 
of the die and terminals of the electronic components. 

9. Method, according to claini 8, further comprising: 

mounting more than on6 of the dies to a single one of 
the electronic components . 

(lOj Method of mounting resilient contact structures 
directly to semiconductor devices, comprising: 

providing an insulating layer over a patterned metal 
layer on a surface of a semiconductor die; 

providing a plurality of openings in the insulating 
layer; ^ 

providing a blanket conductive layer atop the 
insulating layer; 

providing a patterned layer of masking material over 
the blanket conductive layer, said patterned layer of masking 
material having a plurality of openings aligned with the 
plurality of openings in the insulating layer; 

bonding a wire to the blanket conductive layer within 
each of at least a portion of the openings in the patterned 
layer of masking material; 

causing each bonded wire to extend from the surface 
of the semiconductor die; 

severing each bonded wire at a distance from the 
surface of the semiconductor die; and 
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th. b, each severed wire and exposed portions of 

the blanket conductive layer. 



11. Method, according to claim 10, further comprising- 
after overcoating the severed wires, removing the 

masking material and selectively removing all but the previously 
exposed portions of the bl3^v«^ conductive layer. 

12. Method, according to claim 10, wherein: 
the masking material is photoresist. 

13. Method, according to claim 10, wherein- 

the openin&s in the patterned layer of maskina 
material ar<= lardrei- hhar, t-u^ ■ r ^ ot masKing 

ar_ larerer than the openings in the insulating layer. 

(lA^ Method of performing testing selected from the group 
consisting of test and hnr-,, ^ group 

at cest and burn-m on a semiconductor device 
comprising: uevice, 

mounting resilient contact structures directly to a 
semiconductor device,- - ='-»-j-y to a 

said test T"! T device against a test board, 

said test board having contact areas, so that tips of the 
resilient contact structures are electricany connected to thl 
contact areas on the test board; 

performing testing on the semiconductor device- 
subsequently mounting the semiconductor device' to a 

tTe tiror'th^"' -^-^ - 

the tips of the resilient contact structures are electrically 
connected to the contact areas on the system board. ' 

15. Method, according to claim 14, further comprising- 
system boar:~"' semiconductor device to the 

16. Method, according to claim 14, further comprising: 
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devices f.o. a sJlZZ l.e"" ""^ «.i=on.u=tor 

Ben,i.o„ductor device/ after T''" to the 

-levice. tro. . ...UclductL waf^r'"'"^ '"^ semiconductor 

devic^UrTo plr^lTnTr"" '° ^ sen.ico„ductor 

device. co„prisI„r ' '° "'^ semiconductor 

mounting a plurality of electrir.= l ^ 
to a bare semiconductor device; structures 

eiectronic"::::Lrt%;rfrT^^^^^ = -st 

the semiconductor device and the f iTsTeTe::""^"'"" 
With the electrical contact structures se^Z 7"" T""™'"'' 
interconnect between hh. . ■ serving as an electrical 

electronic compJrt, device and the first 

to the se::Zu?t:r~r:;irrp?^^ — 

between the semiconductor device IL connection 
component. ° ^ second electronic 

IS. Method, according to claim is, further rr«. ■ ■ 
effecting the permanent connectlln bv 
biasing the semiconductor device ac.inst T -"""anacally 
component. against the second electronic 

20. Method, according to claim la, further comprising, 
second ele~::prer""^ -"^-"^-^ " - 

21. Method, according to clain, 18, wherein: 
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the electrical contact structures are resilient. 

22. Method, according to claim 18, wherein- 

the electrical contact structures are compliant. 

(22j Method of making a temporary connection between a fir«^ 
electronic component and a second electron!-, -^-tween a fxrst 
subsequently makina » « electronic component, and 

elect^^n- Permanent connection between the fir.t 

electronic component and a th^r-A ^ J-J-r^jL 

comprising. ^'''^ electronic component, 

mounting a plurality of resilSon^ 
to a .u.,ace ..e firs. ele«.on" "'^""""^ 

removing the second electronic component; and 

eiectronic"r:::rr "^---^^ - - 

te.porariir=on„e«\d o 

.ro„ the /c cor;tr„roT:rL"ar rt"--^- -^-^^^ 

electronic component. " ""'"^ °* "^"e first 



se„iSict::ir:o:;:::i^.^"--- ---- ---^^ to a 

a^taced t: aTLti^^orr^r " rT"' '--^^ - 

Of the semiconductor die,- and ^ 

- ™:tr":::::r:ct:reirnr - - - 

=6. Resilient contact structure, according to claim 2S. 
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the resilient contact 
interconnection element. structure is a composite 

(27^. Method of Dre--FaKv.,- 

comprising: semiconductor diee, 

depositing at least one lav.. , 
conductive material on a surface o^ a T ™^ 

depositing a lave- ,f ^ =^^^con wafer,- 
least one conductive layer ""'"'"^ "°P ">e at 

d^i rr^t" "^"^"^ 

conductive material i„.c troUrgs'r ^ " - ' 

removing the masking material. 

26- Method, according to claim 27 , . 

depositing a loininc „ ^ ""P-^^ing: 
layer of at least one conductive m f"' °" " °- 

in the openings. "'^uctive material previously deposited 

according to claim 28, further 
joining the tie further comprising: 

structures. structures to ends of contact 

30. Method, according to claim .s. wherein- 
structures """" ^^-^—^ are resilient contact 

31. Method, according to claim „. wherein - 
elements. ' """" composite interconnection 

ZT"' "^"^"'"^ '° """ein- 
the contact structures ar^ 

are resilient contact 
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structure disposed atop unsingal.ted semiconductor devices. 



e..ii^lto;::::L:Lrirr 

a semiconductor wafer; ^"nauctor dies on 

axercising at least a portion 
semiconductor dies; and unsingulated 

singuiating the semiconductor dies from ^K 
semiconductor wafer. °"' 

34. Method according to clai. 33, further comprising- 
performing wafer probing prior to f»K.- ^ ""3- 
Plurality Of composite interconnection elements ' 

35. Method, according to claim 33, further ■ ■ 

perfonning wafer probing prior to 
unsingulated semiconductor dies. exercising the 

■ f abriLung :hrpiu::a:ri '° ^''"^'^ °* 

comprises the steps of '""'"^''^ interconnection elements 

semiconductoTdt'ld™"" ^'^^ '"^ 

the blanket con::;tive ra^er ' ^ '"^^'^^"^ ^^^^ 

layer, ^.""""""^ to the blanket conductive 

n-aterial. "^"^""^"^ elements with a metallic 

37. Method, according to claim 36, further ar,„„ ■ ■ 
performing wafer probing prior tr. ■ 
elongate elements. ^ ^° mounting the 
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38. Method, according to claim 36, further comprising, 
performing wafer probing prior to overcoatina th. 

elongate elements. ercoatxng the 

39. Method according to claim 33, furtl.er comprising- 
Bxngulatxng the semiconductor dies from the wafer. 

40. Method, according to claim 39, further comprising, 
performing final assembly of th<. , 

semiconductor dies. ^ smgulated 

(41. Method of exercising (test anrl/^ 

semiconductor devices, comorising- ^^""^ "'""""'"^ 

on a plurTutT'o: T^"''^ °' "^'^'^^^ — 
semiconducto'wafer "^^^"^^^^^^ semiconductor dies on a 

exercising at least a portion of ^h» 
semiconductor dies; and. . unsxngulated 

singulating the semiconductor dies from 
semiconductor wafer. 



co^pr^i, devices. 

on , n, "T""^ ' plurality of resilient contact structures 
on a plurality of unsingulated semiconductor dies o" 
semiconductor wafer- ^ 

resilient contact structures on the portion of the un=- . 
semiconductor dies; and unsmgulated 

heating the semiconductor devices to = homr. 
at least ISCC for less than SO minutes '^P— of 
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Method of making semiconductor devices comr, • • 
providing terminals on a face 5- 
device; and <= oz a semiconductor 

mounting free-standing resilient- , ^ . 

to the terminals. resilient contact structures 

44. Method, according to claim 43, wherein- 

the resilient contact structures h^r^ ^ • 

sealed to the terminals. nermeticaiiy 

45. Method, according to claim 43, wherein th. ^ • . 
are formed by: . wnerem the terminals 

depositing a masking layer over kt u 
layer; and blanket conductive 

providing openings in the masking layer at th. ^ • . 
position of each terminal/ ^® desired 

46. Method according to claim 45, further comprising- 
providing additional openinqs in th. ^^^""9- 
said additional openings definfng portion of th'^^l^"'" 
conductive layer which win ^ * porcions of the blanket 

iectiy upon the semiconductor device. 
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Figure 4G 
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